(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
28 June 2001 (28.06.2001) 




PCT 



nun ii iii i him ii linn inn 

(10) International Publication Number 

WO 01/46110 A2 



(51) International Patent Classification 7 : C07C 49/813, 

49/782, 49/796, 49/683, 49/697, 49/233, 49/84, 49/235, 
C07D 307/46, 213/50, 207/32, A61K 31/12, A61P 35/00, 
17/00 

(21) International Application Number: PCT/US00/35207 



(74) 



Circle, Atlanta, GA 30307 (IL). ARBISER, Jack; 1690 
Parliament Point, Atlanta, GA 30329 (US). 

Agent: COLEMAN, Henry, D.; Coleman Sudol Sapone, 
P.C., 14th floor, 708 Third Avenue, New York, NY 10017 
(US). 



(22) International Filing Date: 

26 December 2000 (26.12.2000) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 



(30) Priority Data: 

60/171,883 



23 December 1999 (23.12.1999) US 



(71) Applicants: THE UNIVERSITY OF GEORGIA RE- 
SEARCH FOUNDATION, INC. [US/US]; Boyd Grad 
uate Studies Research Center, Athens, GA 30602-7411 
(US). EMORY UNIVERSITY [US/US]; 2009 Ridge- 
wood Drive, Atlanta, CA 30322 (US). 

(72) Inventors: BOWEN, Phillip, X; P.O. Box 240, Hull, 
GA 30646 (US). ROBINSON, Thomas, Philip; 1301 
Bouldercrest Circle, Watkinsville, CA 30677-1919 (US). 
EHLERS, Tedman; 321 East Clayton Street, #3, Athens, 
GA 30606 (US). GOLDSMITH, David; 337 Chelsea 



(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

Without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 



(54) Title: CHALCONE AND ITS ANALOGS AS AGENTS FOR THE INHIBITION OF ANGIOGENESIS AND RELATED 
^ DISEASE STATES 



(57) Abstract: The present invention relates to chalcone and chalcone derivatives and analogs which are useful as angiogenesis in- 
hibitors. The present compounds, which are inexpensive to synthesize, exhibit unexpectedly good activity as angiogenesis inhibitors. 
The present invention also relates to the use of chalcone and its analogs as antitumor/anticancer agents and to treat a number of con- 
ditions or disease states in which angiogenesis is a factor, including angiongenic skin diseases such as psoriasis, acne, rosacea, warts, 
eczema, hemangiomas, lymphangiogenesis, among numerous others, as well as chronic inflammatory disease such as arthritis. 



WO 01/46110 



PCT/US00/35207 



Chalcone and its Analogs as Agents for the Inhibition of Angiogenesis 

and Related Disease States 

5 Field of the Invention 

The present invention relates to chalcone and chalcone derivatives and analogs which 
are useful as angiogenesis inhibitors. The present compounds, which are inexpensive to 
synthesize exhibit unexpectedly good activity as angiogenesis inhibitors. The present 
10 invention also relates to the use of chalcone and its analogs as antitumor/anticancer agents 
and to treat a number of conditions or disease states in which angiogenesis is a factor. 

Background of the Invention 

15 Chalcone is a member or derivative of the phenylypropanoids, a large group of 

phenolic compounds synthesized only in plants, and predominantly derived from the aromatic 
amino acid phenylalanine. Phenylpropanoids and their derivatives perform diverse 
physiological functions in plants, and are represented by the polymeric lignins, the 
coumarins, suberins, stilbenes and flavonoids, as well as the chalcones, sometimes considered 

20 a sub-class of the flavonoids. In the predominant form of lignins, phenylpropanoids are 
second only to cellulose among the bio-molecules in total biosphere abundance. Lignins 
have a primarily structural role, but many compounds in this versatile group are 
biochemically active. The flavonoids, for example 

25 

O 



30 




WO 01/46110 



PCT/US00/35207 



serve in many species as attractants of pollinators, UV protectors, insect repellents, signalling 
molecules and antibiotics, while the coumarins and stilbenes are implicated in the defense 
response of plants to pathogen ingress via their anti-microbial function effect. 

5 

Considering the other leg of the background of the present invention, angiogenesis 
may be defined as the development of a blood supply to a given area of tissue. The 
development of a blood supply may be part of normal embryonic development, represent the 
revascularization of a wound bed, or involve the stimulation of vessel growth by 

10 inflammatory or malignant cells. Sometimes angiogenesis is defined as the process through 
which tumors or inflammatory conditions derive a blood supply through the generation of 
microvessels. Although it may seem unremarkable that new growth of soft tissue requires 
new vascularization, the concept of angiogenesis as a key component of tissue growth and in 
particular, a key point of intervention in pathological tissue growth, had initially met with 

15 skepticism. By now the idea is well accepted. 

Tumors need to induce formation of blood vessels to grow beyond a small size. A 
small tumor can use diffusion from nearby capillaries as its source of oxygenation, nutrition, 
and waste removal. However, once a tumor exceeds a critical mass, the center of the tumor 

20 becomes necrotic, because these crucial functions are no longer available. When a tumor 

gains the ability to generate new blood vessels, perfusion of a larger tumor mass is possible. 
The ability of malignant cells to form a large tumor and to metastasize is accompanied by 
decreased cellular differentiation and increased ability to produce angiogenic factors. Hence 
there is a strong interest in compounds that block angiogenesis and interrupt the growth 

25 process of malignant tumors, inflammatory lesions and benign neoplasms, as well as in 
compounds which stimulate cellular differentiation, and impede metastasis. 



30 



A tumor's ability to become neovascularized permits rapid tumor growth and 
increases the likelihood of metastases; the transition from a quiescent tumor to an invasive 
tumor is accompanied by the crucial acquisition of angiogenic properties. The critical point 
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may be characterized as the activation of a specific angiogenic switch. The phenotypic 
change from quiescence to virulence likely requires a change in the balance of angiogenic 
simulators and angiogenic inhibitors. The nature of the angiogenic switch is not known, 
however, growth factors and signal transduction are expected to be key components in the 
5 investigation of angiogenic regulatory mechanisms. 

The first angiogenesis factor isolated was basic fibroblast growth factor (bFGF). 
Others include vascular endothelial growth factor (VEGF), interleukin-8, hepatocyte growth 
factor, platelet derived endothelial growth factor (PD-ECGF), and corticotropin-releasing 

10 hormone (CRH). The discovery of endogenous angiogenesis simulators naturally led 

researchers to ask whether there existed endogenous angiogenesis inhibitors. Interferon- 
alpha, which inhibits the replication of primary endothelial cells, was the first endogenous 
angiogenesis inhibitor discovered. Other naturally occurring small molecules which have 
been discovered to have anti-angiogenic activity include the retinoids and curcumin, a small 

1 5 molecular weight compound which is isolated from the commonly used spice turmeric. In 
animal models, curcumin and its derivatives have been shown to inhibit the progression of 
chemically induced colon and skin cancers. A summary of some major known angiogenesis 
stimulators and inhibitors is shown below. 



25 



Angiogenesis Simulators 


Angiogenesis Inhibitors _| 


Basic fibroblast growth factor (bFGF) 


Angiostatin 


Vascular endothelial growth factor (VEGF) 


Endostatin 


Prostaglandin E2 


Curcumin 


Hepatocyte growth factor 


Fumagillin derivatives 


Proliferin 


Proliferin-related peptide 


Nitric oxide 


Nitric oxide inhibitors 


Integrins (avp 3 , ccvp 4 ) 


Phosphatidylinositol-3-kinase inhibitors 


Corticotropin-releasing hormone 


Thalidomide 


Interleukin-8 


Interleukin-12 
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Platelet derived endothelial growth factor 


Farnesyltransferase inhibitors 


protaglandin 


retinoids 




alpha interferon 



5 Among the angiogenisis inhibitors, retinoids (vitamin A and its derivatives) play an 

important role in the development and differentiation of epidermal cells, as well as in 
reversing precancerous lesions. A number of references disclose retinoids being used in 
cancer prophylaxis and as inducers of cell differentiation. Kizaki et al., Seminars in 
Oncology 1P(1):95-105(1992), for example, report that retinoids are potential anti- 

10 carcinogenic agents in many experimental models and that they inhibit growth and induce 

differentiation in transformed neoplastic cells. Unfortunately, the retinoids have a significant 
level of toxicity and administration of the known retinoid agents at therapeutic doses may be 
associated with undesirable side effects including headache, teratogenesis, mucocutaneous 
toxicity, musculoskeletal toxicity, dylipidemias, skin irritation, headache and hepatotoxicity. 

1 5 Accordingly, there exists a need to provide novel compounds having retinoid activity but 
which have less toxicity and/or side effects. 

Chalcone compounds (3-oxo-l-propenyl derivatives) are sometimes classified as 
derivatives of the retinoids, and also of the flavones or flavonoids. Some flavones and 

20 chalcones have been found to have anti-tumor properties. Compounds related to curcumin, a 
flavone isolate from the widely used spice turmeric, are known to inhibit the carcinogenicity 
of carcinogens: Coumarin has been tested for treatment of melanoma. Certain chalcones and 
flavonoids, including biochanin A, are also known to exhibit anti-mitotic action in inhibiting 
cell division; e.g. in Shibata, Anti-tumorgenic chalcones, Stem Cells, 12:44-62, 1994; 

25 Edwards et al., Chalcones: A New Class of Antimitotic Agents, J. Med. Chem., 33:1948-1954, 
1990; and Varnia, Dietary Bioflavonoids, Chalcones and Related Alkenones in Prevention 
and Treatment of Cancer, Nutrition, 12; 643 (1996). 

Objects of the Invention 
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It is an object of the invention to provide compounds and pharmaceutical 
compositions which exhibit activity as inhibitors of angiogenesis. 

It is another object of the invention to provide compounds and pharmaceutical 
5 compositions which can be used to treat tumors and/or cancer. 

It is an additional object of the present invention to provide compounds and 
pharmaceutical compositions for use in treating angiogenic skin disorders such as psoriasis, 
acne, venous ulcers, rosacea, warts, eczema, hemangiomas, lymphangiogenesis, among 
10 numerous others, as well as internal malignancies ( e.g., colon, cervical, bladder), oral 
malignancies cutaneous malignancies and inflammation. 

It is yet another object of the invention to provide a method of treating tumors and/or 
cancer as well as the above-referenced angiogenic skin disorders 

15 

It is still another object of the present invention to provide compounds which exhibit 
anti-angiogenesis and/or anti-tumor activity and are relatively inexpensive to synthesize. 

It is yet another object of the present invention to enhance the inhibition of Map 
20 kinase and the phosphoinositide cascade. 

Any one or more of these and/or other objects of the present invention may be readily 
gleaned from a description of the invention which follows. 

25 Brief Summary of the Invention 

The present invention relates to compounds or pharmaceutically acceptable salts, 
thereof of the formula: 
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(Q)^ V ^(T) n 
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6 

Where n is 0, 1 or 2; 

Q and T are independently selected from a chemical group of the formula: 




Where A, B, C, D, E, G, J, K, L amd M are independently selected from H, a C,-C 3 alkyl 
group, a halogen, an OR group, COOH, COOR„ an alkylene ester group according to the 
structure -(CH 2 ) m COOR, or a CF 3 group; 

R is a C,-C 4 alkyl group (preferably, C,-C 3 alkyl), a benzyl or phenyl group or a C-R 2 group; 

O 

R, is a C,-C 20 alkyl group, preferably a C r C 3 alkyl group; 
R 2 is a C,-C 20 alkyl group, preferably a C,-C 3 alkyl group; 
Z is O, S, N-H, NCH 3 , NCH 2 CH 3 , or CH 2 ; 
V is a group according to the structure: 
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Where A, B, C 1 , D and Y are the same as set forth above; 

U is H or halogen; 

W is COR 1 , CN or COOR 1 . 

R 1 is a C,-C 4 alkyl group (preferably, a C,-C 3 alkyl group) or a benzyl or phenyl group; 
5 R 2 is O, S, NH, NCH 3 , NCH 2 CH 3 , or CH 2 ; 
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With the proviso that n is not 0 for both Q and T and when n is 1 for Q and T, Q-V or V-T 
may together form a structure according to the formula: 



5 




Where Z is the same as set forth above. 

10 

The present invention is also directed to pharmaceutical compositions comprising an 
effective amount of one or more compounds according to the present invention (including a 
pharmaceutically acceptable salt, thereof), optionally in combination with a pharmaceutically 
acceptable carrier, excipient or additive. 

15 

The present invention is also directed to methods for the treatment of tumors and/or 
cancer, internal, cutaneous and oral malignancies, angiogenic skin disorders and 
inflammation, including chronic inflammatory disease comprising administering an effective 
amount of one or more compounds according to the present invention to a patient in need of 

20 therapy, thereof. 

More particularly, the present invention relates to methods for inhibiting the growth of 
neoplasia, including a malignant tumor or cancer comprising exposing the neoplasia to an 
inhibitory or therapeutically effective amount or concentration of at least one of the disclosed 
compounds. This method may be used therapeutically, in the treatment of neoplasia, 

25 including cancer or in comparison tests such as assays for determining the activities of related 
analogs as well as for determining the susceptibility of a patient's cancer to one or more of the 
compounds according to the present invention. Treatment and prevention in high risk 
patients of internal malignancies such as eye or ocular cancer, rectal cancer, colon cancer, 
cervical cancer, prostate cancer, breast cancer and bladder cancer, among numerous others, 

30 cutaneous malignancies and oral malignancies are also contemplated by the present invention. 
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Methods for treating angiogenic skin disorders such as psoriasis, acne, rosacea, warts, 
eczema, hemangiomas, lymphangiogenesis as well as inflammation such as chronic 
inflammatory disease, including arthritis, lupus and scleroderma are also contemplated by the 
5 present invention, such methods comprising administering a therapeutically effective amount 
of one or more of the disclosed compounds to a patient in need of such treatment. 

Brief Description of the Figures 

Figures 1-12 are representative of the chemical compounds which are tested and 
10 presented in Tables 1-6. 

Figures 13-14 are diagrammatic representations in graph form of the biological 
activity of each of the indicated compounds at 1,3 and 6 jUg/ml or 3, 6 and 9 jug/ml in 
inhibiting SVR cells according to the method of Arbiser, et al., J. Am. Acad. Derm. , pp. 925- 
929 (June, 1999). 

15 

Detailed Description of the Invention 

The following terms shall be used throughout the specification to describe the present 
invention. 

20 The term "patient" is used throughout the specification to describe an animal, 

preferably a human, to whom treatment, including prophylactic treatment, with the 
compounds according to the present invention is provided. For treatment of those infections, 
conditions or disease states which are specific for a specific animal such as a human patient, 
the term patient refers to that specific animal. In most instances, the term patient refers to a 

25 human patient. 
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The term "effective amount" is used throughout the specification to describe 
concentrations or amounts of compounds according to the present invention which may be 
used to produce a favorable change in the disease or condition treated, whether that change is 
a remission, a decrease in growth or size of cancer, tumor or other growth, a favorable 
5 physiological result including the clearing up of skin or tissue, or the like, depending upon the 
disease or condition treated. 

The term "angiogenesis" is used throughout the specification to describe the 
biological processes which result in the development of blood vessels or increase in the 
10 vascularity of tissue in an organism. With respect to the present invention, the term 

angiogenesis is defined as the process through which tumors or other rapidly proliferating 
tissue derive a blood supply through the generation of microvessels. 

The term "tumor" is used to describe an abnormal growth in tissue which occurs when 
15 cellular proliferation is more rapid than normal tissue and continues to grow after the stimuli 
that initated the new growth cease. Tumors generally exhibit partial or complete lack of 
structural organization and functional coordination with the normal tissue, and usually form 
a distinct mass of tissue which may be benign (benign tumor) or malignant (carcinoma). 
Tumors tend to be highly vascularized. The term "cancer" is used as a general term herein to 
20 describe malignant tumors or carcinoma. These malignant tumors may invade surrounding 

tissues, may metastasize to several sites and are likely to recur after attempted removal and to 
cause death of the patient unless adequately treated. As used herein, the terms carcinoma and 
cancer are subsumed under the term tumor. 

25 The terms "angiogenic disease", "angiogenic disorder" and "angiogenic skin 

disorder" is used throughout the specification to describe a disorder, generally a skin disorder 
or related disorder which occurs as a consequence of or which results in increased 
vascularization in tissue. Oftentimes, the etiology of the angiogenic disease is unkown. 
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or related disorder which occurs as a consequence of or which results in increased 
vascularization in tissue. Oftentimes, the etiology of the angiogenic disease is unkown. 
However, whether angiogenesis is an actual cause of a disease state or is simply a condition 
of the disease state is unimportant, but the inhibition of angiogenesis in treating or reversing 
5 the disease state or condition is an important aspect of the present invention. Examples of 

angiogenic skin disorders which may be treated utilizing compounds according to the present 
invention include, for example, psoriasis, venous ulcers, acne, rosacea, warts, eczema, 
hemangiomas and lymphangiogenesis, among numerous others, including Sturge- Weber 
syndrome, neurofibromatosis, tuberous sclerosis, chronic inflammatory disease and arthritis. 
10 Any skin disorder which has as a primary or secondary characterization, increased 

vascularization, is considered an angiogenic skin disorder for purposes of the present 
invention and is amenable to treatment with compounds according to the present invention. 

The term "rosacea" is used to describe acne rosacea or erythematosa characterized by 
15 vascular and follicular dilation involving the nose and continguous portions of the cheeks. 
Rosacea may vary from very mild but persistent erythema to extensive hyperplasia of the 
sebaceous glands with deep-seated papules and pustules and accompanied by telangiectasia at 
the affected erythematous sites. Also called hypertrophic rosacea or rhinophyma, depending 
upon the severity of the condition. 

20 

The term "wart" is used to describe a small, usually hard tumerous growth on the skin. 
Also known as a verrucas, a wart is a flesh-colored growth of the skin which is characterized 
by circumscribed hypertrophy of the papillae of the corium, with thickening of the 
malpighian, granulation and keratin layers of the epidermis. Verucca vulgaris, a subset of 
25 warts or verruca, is characterized by infection of the keratinocytes with human 
papillomavirus. 
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The term "psoriasis" is used to describe a skin condition which is characterized by the 
eruption of circumscribed, discrete and confluent, reddish, silvery-scaled maculopapules; the 
lesions occur preeminently on the elbows, knees, scalp and trunk and microscopically show 
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The term "acne" is used to describe a condition of the skin characterized by 
inflammatory follicular, papular and pustular eruptions involving the sebaceous apparatus. 
Although there are numerous forms of acne, the most common form is known as acne 
simplex or acne vulgaris which is characeterized by eruptions of the face, upper back and 
5 chest and is primarily comprised of comedones, cysts, papules and pustules on an 

inflammatory base. The condition occurs primarily during puberty and adolesence due to an 
overactive sebaceous apparatus which is believed to be affected by hormonal activity. 

The term "eczema" is a generic term used to describe acute or chronic inflammatory 
0 conditions of the skin, typically erythematous, edematous, papular, vesicular, and crusting; 
followed often by lichenification and scaling and occasionally by duskiness of the erythema 
and, infrequently, hyperpigmentation. Eczema is often accompanied by the sensation of 
itching and burning. Eczema vesicles form by intraepidermal spongiosis. Eczema is 
sometimes referred to colloquially as tetter, dry tetter and scaly tetter. There are numerous 
L5 subcategories of eczema, all of which are treated by one or more of the compounds according 
to the present invention. 



20 
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The symbols: 

and 

are used throughout the specification to depict a point at which a bond between a Q group and 
a V group or a T group and an V group in a Q-V-T compound according to the present 
invention occurs. 

The symbol: 
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signifies that the stereochemistry of the bond that is made between groups is fixed (i.e., there 
cannot be more than one type of bond between the groups). 

The symbol: 

signifies that the stereochemistry of the bond that is made between groups is not fixed and is 
generally more than one type of bond (e.g., a cis and/or trans bond about a double bond). In 
general, all stereoisomers about a bond are disclosed using this symbol. 

The compounds of the present invention are used to treat benign and malignant 
tumors, including various cancers such as, cervical, anal and oral cancers, stomach, colon, 
bladder, rectal, liver, pancreatic, lung, breast, cervix uteri, corpus uteri, ovary, prostate, testis, 
renal, brain/ens (e.g., gliomas), head and neck, eye or ocular, throat, skin melanoma, acute 
lymphocytic leukemia, acute myelogenous leukemia, Ewing's Sarcoma, Kaposi's Sarcoma, 
basal cell carinoma and squamous cell carcinoma, small cell lung cancer, choriocarcinoma, 
rhabdomyosarcoma, angiosarcoma, hemangioendothelioma, Wilms Tumor, neuroblastoma, 
mouth/pharynx, esophageal, larynx, kidney and lymphoma, among others. In addition, 
conditions such as neurofibromatosis, tuberous sclerosis (each of which conditions produces 
benign tumors of the skin), hemangiomas and lymphangiogenesis, among others, may be 
treated effectively with compounds according to the present invention. 

Methods of treating tumors and/or cancer according to the present invention comprise 
administering to a patient in need thereof an effective amount of one or compounds according 
to the present invention. 

A method of treating angiogenic skin disorders including psoriasis, acne, rosacea, 
warts and eczema, among numerous others, including Sturge-Weber syndrome, and related 
conditions using one or more of the disclosed compositions are other inventive aspects of the 
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present invention. In addition, the present compounds may be used to treat venous ulcers of 
the skin as well. These methods comprise administering an effective amount of at least one 
compound according to the present invention to a patient in need of treatment or therapy. 

5 Further inventive aspects of the present invention relate to the use of the present 

compositions in the treatment of arthritis and chronic inflammatory diseases, including 
rheumatoid arthritis and osteoarthritis, among others, such as lupus and scleroderma. These 
methods also are directed to the administration of effective amounts of at least one compound 
according to the present invention to a patient in need of treatment or therapy. 

10 

Pharmaceutical compositions based upon these novel chemical compounds comprise 
the above-described compounds in a therapeutically effective amount for the treatment of a 
condition or disease such as neoplasia, including cancer, an angiogenic skin disease or an 
inflammatory disease or a related condition or disease optionally in combination with a 
15 pharmaceutically acceptable additive, carrier or excipient. 

Certain of the compounds, in pharmaceutical dosage form, may be used as prophylactic 
agents for preventing a disease or condition from manifesting itself. In certain pharmaceutical 
dosage forms, the pro-drug form of the compounds according to the present invention may be 
20 preferred. In particular, prodrug forms which rely on Q to Qo ester groups or amide groups 
(preferably a hydroxyl, free amine or substituted nitrogen group) which may be transformed into, 
for example, an amide or other group may be particularly useful in this context. 

25 The present compounds or their derivatives, including prodrug forms of these agents, 

can be provided in the form of pharmaceutically acceptable salts. As used herein, the term 
pharmaceutically acceptable salts or complexes refers to appropriate salts or complexes of the 
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active compounds according to the present invention which retain the desired biological 
activity of the parent compound and exhibit limited toxicological effects to normal cells. 
Nonlimiting examples of such salts are (a) acid addition salts formed with inorganic acids (for 
example, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid, and 
5 the like), and salts formed with organic acids such as acetic acid, oxalic acid, tartaric acid, 
succinic acid, malic acid, ascorbic acid, benzoic acid, tannic acid, pamoic acid, alginic acid, 
and polyglutamic acid, among others; (b) base addition salts formed with metal cations such 
as zinc, calcium, sodium, potassium, and the like, among numerous others. 

10 Modifications of the active compound can affect the solubility, bioavailability and 

rate of metabolism of the active species, thus providing control over the delivery of the active 
species. Further, the modifications can affect the anti-angio genesis activity of the compound, 
in some cases increasing the activity over the parent compound. This can easily be assessed 
by preparing the derivative and testing its activity according to known methods well within 

1 5 the routineer's skill in the art. 

The compounds of this invention may be incorporated into formulations for all routes 
of administration including for example, oral, topical and parenteral including intravenous, 
intramuscular, eye or ocular, intraperitoneal, intrabuccal, transdermal and in suppository form 
20 as well as in gels, creams, ointments, lotions and time release implantable preparations. 

Pharmaceutical compositions based upon these novel chemical compounds comprise 
the above-described compounds in a therapeutically effective amount for treating neoplasia, 
cancer and other diseases and conditions which have been described herein, including 

25 psoriasis, acne, rosacea, warts, eczema, hemangiomas, lymphangiogenesis and chronic 

inflammatory diseases, including arthritis, among others, optionally in combination with a 
pharmaceutically acceptable additive, carrier and/or excipient. One of ordinary skill in the art 
will recognize that a therapeutically effective amount of one of more compounds according to 
the present invention will vary with the infection or condition to be treated, its severity, the 

30 treatment regimen to be employed, the pharmacokinetics of the agent used, as well as the 
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patient (animal or human) treated. 

In the pharmaceutical aspect according to the present invention, the compound 
according to the present invention is formulated preferably in admixture with a 
5 pharmaceutical^ acceptable carrier, excipient or additive. In general, it is preferable to 

administer the pharmaceutical composition in orally-administrable form, but for treatment of 
a number of conditions, a number of other formulations may be administered via a topical, 
parenteral, intravenous, intramuscular, transdermal, buccal, subcutaneous, suppository or 
other route, including an eye or ocular route. Intravenous and intramuscular formulations are 

10 preferably administered in sterile saline. Of course, one of ordinary skill in the art may 
modify the formulations within the teachings of the specification to provide numerous 
formulations for a particular route of administration without rendering the compositions of 
the present invention unstable or compromising their therapeutic activity. In particular, the 
modification of the present compounds to render them more soluble in water or other vehicle, 

15 for example, may be easily accomplished by minor modifications (salt formulation, 

esterification, etc.) which are well within the ordinary skill in the art. It is also well within 
the routineer's skill to modify the route of administration and dosage regimen of a particular 
compound in order to manage the pharmacokinetics of the present compounds for maximum 
beneficial effect to the patient. 

20 

In certain pharmaceceutical dosage forms, the pro-drug form of the compounds may 
be preferred. One of ordinary skill in the art will recognize how to readily modify the present 
compounds to pro-drug forms to facilitate delivery of active compounds to a targeted site 
within the host organism or patient. The routineer also will take advantage of favorable 
25 pharmacokinetic parameters of the pro-drug forms, where applicable, in delivering the present 
compounds to a targeted site within the host organism or patient to maximize the intended 
effect of the compound. 
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Pharmaceutically acceptable salt forms may be the preferred chemical form of 
compounds according to the present invention for inclusion in pharmaceutical compositions 
according to the present invention. 

The amount of compound included within therapeutically active formulations 
according to the present invention is an effective amount for treating the infection or 
condition. In general, a therapeutically effective amount of the present preferred compound 
in dosage form usually ranges from slightly less than about 0.025mg/kg to about 2.5 g/kg, 
preferably about 2.5-5 mg/kg to about 100 mg/kg of the patient or considerably more, 
depending upon the compound used, the condition or infection treated and the route of 
administration, although exceptions to this dosage range may be contemplated by the present 
invention. In its most preferred form, compounds according to the present invention are 
administered in amounts ranging from about 1 mg/kg to about 100 mg/kg. Where drug 
delivery is systemic rather than topical, this dosage range generally produces effective blood 
level concentrations of active compound ranging from less than about 0.04 to about 400 
micrograms/cc or more of blood in the patient. 

Administration of the active compound may range from continuous (intravenous drip) 
to several oral administrations per day (for example, Q.I.D.) and may include oral, topical, 
eye or ocular, parenteral, intramuscular, intravenous, sub-cutaneous, transdermal (which may 
include a penetration enhancement agent), buccal and suppository administration, among 
other routes of administration, including through an eye or ocular route. 

To prepare the pharmaceutical compositions according to the present invention, a 
therapeutically effective amount of one or more of the compounds according to the present 
invention is preferably intimately admixed with a pharmaceutically acceptable carrier 
according to conventional pharmaceutical compounding techniques to produce a dose. A 
carrier may take a wide variety of forms depending on the form of preparation desired for 
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administration, e.g., oral, topical or parenteral. In preparing pharmaceutical compositions in 
oral dosage form, any of the usual pharmaceutical media may be used. Thus, for liquid oral 
preparations such as suspensions, elixirs and solutions, suitable carriers and additives 
including water, glycols, oils, alcohols, flavouring agents, preservatives, colouring agents and 
the like may be used. For solid oral preparations such as powders, tablets, capsules, and for 
solid preparations such as suppositories, suitable carriers and additives including starches, 
sugar carriers, such as dextrose, mannitol, lactose and related carriers, diluents, granulating 
agents, lubricants, binders, disintegrating agents and the like may be used. If desired, the 
tablets or capsules may be enteric-coated or sustained release by standard techniques. 

For parenteral formulations, the carrier will usually comprise sterile water or aqueous 
sodium chloride solution, though other ingredients including those which aid dispersion may 
be included. Of course, where sterile water is to be used and maintained as sterile, the 
compositions and carriers must also be sterilized. Injectable suspensions may also be 
prepared, in which case appropriate liquid carriers, suspending agents and the like may be 
employed. 

The present compounds may be used to treat animals, and in particular, mammals, 
including humans, as patients. Thus, humans and other animals, and in particular, mammals, 
suffering from tumors, and in particular, cancer, or other diseases as disclosed herein, can be 
treated by administering to the patient an effective amount of one or more of the compounds 
according to the present invention or its derivative or a pharmaceutically acceptable salt 
thereof optionally in a pharmaceutically acceptable carrier or diluent, either alone, or in 
combination with other known pharmaceutical agents (depending upon the disease to be 
treated). Treatment according to the present invention can also be administered in conjunction 
with other conventional cancer therapies, such as radiation treatment or surgery. 

The active compound is included in the pharmaceutically acceptable carrier or diluent 
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in an amount sufficient to deliver to a patient a therapeutically effective amount for the 
desired indication, without causing serious toxic effects in the patient treated. 

The compound is conveniently administered in any suitable unit dosage form, 
including but not limited to one containing 1 to 3000 mg, preferably 5 to 500 mg of active 
ingredient per unit dosage form. An oral dosage of 10-250 mg is usually convenient. 

The concentration of active compound in the drug composition will depend on 
absorption, distribution, inactivation, and excretion rates of the drug as well as other factors 
known to those of skill in the art. It is to be noted that dosage values will also vary with the 
severity of the condition to be alleviated. It is to be further understood that for any particular 
subject, specific dosage regimens should be adjusted over time according to the individual 
need and the professional judgment of the person administering or supervising the 
administration of the compositions, and that the concentration ranges set forth herein are 
exemplary only and are not intended to limit the scope or practice of the claimed 
composition. The active ingredient may be administered at once, or may be divided into a 
number of smaller doses to be administered at varying intervals of time. 

Oral compositions will generally include an inert diluent or an edible carrier. They 
may be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound or its prodrug derivative can be incorporated 
with excipients and used in the form of tablets, troches, or capsules. Pharmaceutically 
compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. 

The tablets, pills, capsules, troches and the like can contain any of the following 
ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose, 
gum tragacanth or gelatin; an excipient such as starch or lactose, a dispersing agent such as 
alginic acid or corn starch; a lubricant such as magnesium stearate; a glidant such as colloidal 
silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as 
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peppermint, methyl salicylate, or orange flavoring. When the dosage unit form is a capsule, it 
can contain, in addition to material-of the above type, a liquid carrier such as a fatty oil. In 
addition, dosage unit forms can contain various other materials which modify the physical 
form of the dosage unit, for example, coatings of sugar, shellac, or enteric agents. 

The active compound or pharmaceutically acceptable salt thereof may also be 
administered as a component of an elixir, suspension, syrup, wafer, chewing gum or the like. 
A syrup may contain, in addition to the active compounds, sucrose or fructose as a 
sweetening agent and certain preservatives, dyes and colorings and flavors. 

The active compound or pharmaceutically acceptable salts thereof can also be mixed 
with other active materials that do not impair the desired action, or with materials that 
supplement the desired action, such as other anticancer agents, and in certain instances 
depending upon the desired therapy or target, antibiotics, antifungals, antinflammatories, 
antiviral compounds or other agents having a distinct pharmacological effect. 

Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical 

j 

application can include the following components: a sterile diluent such as water for 
injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or 
other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents for 
the adjustment of tonicity such as sodium chloride or dextrose. The parental preparation can 
be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic. 
If administered intravenously, preferred carriers include, for example, physiological saline or 
phosphate buffered saline (PBS). 

In one embodiment, the active compounds are prepared with carriers that will protect 
the compound against rapid elimination from the body, such as a controlled release 
formulation, including implants and microencapsulated delivery systems. Biodegradable, 
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biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of 
such formulations will be apparent to those skilled in the art. 

Liposomal suspensions may also be pharmaceutically acceptable carriers. These may 
be prepared according to methods known to those skilled in the art. For example, liposomal 
formulations may be prepared by dissolving appropriate lipid(s) in an inorganic solvent that is 
then evaporated, leaving behind a thin film of dried lipid on the surface of the container. An 
aqueous solution of the active compound are then introduced into the container. The container 
is then swirled by hand to free lipid material from the sides of the container and to disperse 
lipid aggregates, thereby forming the liposomal suspension. Other methods of preparation 
well known by those of ordinary skill may also be used in this aspect of the present invention. 

Numerous biological assays have been used and are accepted by those skilled in the 
art to assess the anti-tumor and anti-cancer activity of compounds according to the present 
invention. Any of these methods can be used to evaluate the activity of the compounds 
disclosed herein. 

One common method of assessing activity is through the use of test panels of cancer 
cell lines. These tests evaluate the in vitro anti-cancer activity of particular compounds in 
cancer cell lines, and provide predictive data with respect to the use of tested compounds in 
vivo. Other assays include in vivo evaluations of the compound's effect on human or in an 
appropriate animal model, for example, using mouse tumor cells implanted into or grafted 
onto mice or in other appropriate animal models. 

In the case of testing the anti-angiogenic/anti-cancer activity of compounds according to 
the present invention, an assay based on SVR cells may be employed. See, for example, Arbiser, 
et aL, I Am. Acad. Derm. , pp. 925-929 (June, 1999). In this assay, SVR cells, which are derived 
from primary murine endothelial cellsa by the sequential introduction of SV40 large T antigen 
and activated H-ras according to the method of Arbiser, et al., Proc. Natl. Acad. Sci. USA 1997, 
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94:861-6, are seeded onto a 24 well dish and treated with a compound according to the present 
invention at known concentration. The cell numbers are counted and compared against controls. 
Percent inhibition is readily determined from the data obtained. Other methods, well-known in 
the art, may also be used. 

5 

Chemical Synthesis 

Most of the compounds according to the present invention are synthesized using well- 
known methods of the art. For example, chalcone compounds which are based upon a 

10 chemical structure where Q and/or T are phenyl-substituted derivatives and V is propenone 
(e.g. chalcone, etc., see Figure 1) are prepared by condensing an aldehyde and ketone 
followed by dehydration (loss ofH 2 0 to form a double bond) to form an enone moiety. In 
this aspect of the present invention, the corresponding substituted benzaldehyde and the 
corresponding substituted acetophenone compounds are mixed in a reaction vessel or flask 

15 and the reactants are then stirred in the presence of base (e.g., about 40% NaOH) at a 

temperature reflective of the reaction conditions. After a period of time (generally, several 
hours or more, depending upon reactivity of the starting materials), the solution is filtered or 
extracted with chloroform or other hydrophobic solvent. The solid is recrystallized, generally 
from ethanol. The chloroform extracts (from above) are dried with magnesium sulfate and 

20 are evaporated at reduced pressure. Column chromatography using silical gel provides the 
pure chalcone derivative. 

Provided infra , are a number of general synthetic methods for affording chalcone 
derivatives according to the present invention. It is important to note that the synthesized 
25 disclosed herein are general syntheses, and one of ordinary skill may readily determine or 
provide alternative syntheses for producing compounds according to the present invention 
without engaging in undue experimentation. 

In the following descriptions, a general synthetic method is provided for each of the 
30 disclosed groups of chemical compounds. One of ordinary skill will recognize to substitute 
appropriately modified starting materials containing the various substituents as set forth 
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hereinbelow. One of ordinary skill will readily synthesize the disclosed compounds 
according to the present invention using conventional synthetic organic techniques from 
starting materials which are either purchased or may be readily prepared using prior art 
methods. 

5 

Using the general and specific synthetic methodologies described hereinbelow, we 
have synthesized a number of the chemical compounds as set forth in Tables 1-6. Note that 
the chalcone compounds set forth in Table 2, attached, were purchased prior to testing. 

1 o Having generally described the invention, reference is now made to the following 

general and specific examples which are intended to illustrate preferred and other 
embodiments of and comparisons with the present invention. The included examples are not 
to be construed as limiting the scope of this invention as is more broadly set forth above and 
in the appended claims. 

15 

In the following disclosure, general synthetic methods are set forth for all compounds 
according to the present invention, including, for example, propenone derivatives, 
cyclohexenone and cyclopentanone derivatives, indandione derivatives, tetralone derivatives, 
propynone derivatives, acetophenone derivatives, benzylidene acetone derivatives, alkanone 
20 and cycloalkanone derivatives, camphor derivatives, stilbene derivatives, naphthylene 

derivatives, alkanedione derivatives, pyridine derivatives, among numerous other compounds. 
In addition, disclosure related to experimentals which resulted in specific compounds 
according to the present invention is also presented. 

25 
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I. PROPENONE DERIVATIVES 



O 




where Q and T are independently selected from 




where A, B, C 1 , D, E, G, J, K, L and M are independently selected from H, a 

C-C3 alkyl group, a halogen, an OR, group, COOH, COOR,, an alkylene ester 

group according to the structure -(CH^COORi or a CF 3 group. 

where subscript m is any integer. 

where Y is O, S, N-H, N-CH3, N-CH 2 CH 3 or Chfe. 

where R 1 is a C r C 4 alkyl group. 

5 To a .67 M solution of the benzaldehyde (10 mmol) and the acetophenone (10 mmol) 

in ethanol (15 ml) is added 10 ml of 40% NaOH at 10°C. After stirring overnight at room 
temperature, the solution is filtered. The precipitate is recrystallized from the appropiate 
solvent (usually ethanol) to afford the pure product. 



WO 01/46110 



25 



PCT/US00/35207 



II. 3,6-DIPHENYL-2-CYCLOHEXENONE DERIVATIVES 




D 



where A, B, C 1 , D and E are independently selected from H, a Q-C 3 alkyl group, a 
halogen, an OR, group, COOH, COOR,, an alkylene ester group according to the 
structure -(Ch^) m COOR 1 or a CF 3 group, 
where subscript m is any integer, 
where R., is a C,-C 4 alkyl group. 

The 3-chloropropiophenone (7.45 minol) and the phenylacetone (7.45 mmol) were 
placed in a round-bottom flask and stirred while 5 N KOH in MeOH is added dropwise to the 
solution. After stirring for 12 hours, the reaction is neutralized with 50% HC1, and the 
aqueous layer is extracted with ether. The ether extracts were washed with water, dried with 
MgS0 4 , and evaporated to yield the crude product, which is chromatographed on silica gel to 
afford the pure product. 

III. INDANDIONE DERIVATIVES 




D 



where A, B, C 1 , D and E are independently selected from H, a C-C 3 alkyl group, a 
halogen, an OR, group, COOH, COOR,, an alkylene ester group according to the 
structure -(CH2) m COOR., or a CF 3 group, 
where subscript m is any integer, 
where R 1 is a C r C 4 alkyl group. 
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Boron oxide (10.26 mmol) and the benzaldehyde (7.53 mmol) were added to a stirred 
solution of the indandione (6.84 mmol), piperidine (3 drops), and benzene (.67 M). The 
solution is refluxed with stirring for 30 minutes. After filtration of the solution, the filtrate is 
5 concentrated under reduced pressure. The resulting crystalline solid is recrystallized from 
ethanol. If no solid formed, a standard ether work-up followed by column chromatography 
on silica gel purified the product. 

IV. TETRALONE DERIVATIVES 

10 




where A, B, C 1 , D, E, G and J are independently selected from H, a C1-C3 alkyl 

group, a halogen, an OR-i group, COOH, COOR-i, an alkylene ester group 

according to the structure -(Ch^mCOORi or a CF 3 group. 

where subscript m is any integer. 

where Z is O, S, N-H, N-CH 2 , N-CH 2 CH 3 or CH 2 . 

where R1 is a C r C 4 alkyl group. 

To a .67 M solution of the benzaldehyde (10 mmol) and the tetralone (10 mmol) in 
ethanol (15 ml) is added 10 ml of 40% NaOH at 10°C. After stirring overnight at room 
15 temperature, the solution is filtered. The precipitate is recrystallized from the appropiate 
solvent (usually ethanol) to afford the pure product 
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V. PROPYNONE DERIVATIVES 




where Q and T are independently selected from 




D 1 G 



where A, B, C, D, E, G, J, K, L and M are independently selected from H, a 

C r C 3 alkyl group, a halogen, an OR 1 group, COOH, COOR.,, an alkylene ester 

group according to the structure -(CH 2 ) m COOR 1 or a CF 3 group. 

where subscript m is any integer. 

where Y is O, S, N-H, N-CH 3 , N-CH 2 CH 3 or CH 2 . 

where R 1 is a C,-C 4 alkyl group. 

5 

To the stirred .45 M solution of the propenone (4.80 mmol) in chloroform (10.7 mL) 
at 0°C is added dropwise a .6 M solution of bromine (4.90 mmol) in CHC1 3 (8.2 mL) over 30 
minutes. The solution is stirred for 2 hrs at room temperature. The solvent is evaporated to 
yield the crude product, which is recrystallized from ethanol. If the product is not a solid, a 
1 0 standard ether work-up followed by column chromatography on silica gel yielded the 2,3- 
dibromopropanone derivatives. 
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Sodium bicarbonate (3.26 mmol) is added to a solution of the 2,3-dibromopropanone 
(2.72 mmol) in 4 ml 95% ethanol (.68 M). The solution is stirred and refluxed for 2 hours 
(TLC is used to determine the end of the reaction.). The solvent is evaporated, and the crude 
product is diluted in ether. The precipitate (NaBr) is filtered. The ether layer is washed with 
water, dried with MgS0 4 , and evaporated to yield the crude product. Chromatography on 
silica gel yielded the a/p/za-bromopropenone derivative. 

Potassium hydroxide (3.48 mmol), dissolved in water (.87 M (4.0 ml)), is added over 
about 30 minutes to a refluxing solution of the a/p/ttf-bromochalcone (3.48 mmol) in .35 M of 
1 : 1 water/acetone (5 ml each). After 20 minutes of further refluxing, the solution is cooled 
and diluted with water. The water is extracted with ether, which is dried with MgS0 4 and 
evaporated. Chromatography on silica gel yielded 1,3-diphenylpropynone and its derivatives. 

VI. a/p/ia-TETRALONYLIDENEACETOPHENONE DERIVATIVES 




D 

where A, B, C 1 , D, and E are independently selected from H, a C r C 3 alkyl 

group, a halogen, an OR, group, COOH, COOR^ an alkylene ester group 

according to the structure -(CHgJmCOORi or a CF 3 group. 

where subscript m is any integer. 

where Z is O, S, N-H, N-CH 3 , N-CH 2 CH 3 or CH 2 . 

where R 1 is a C r C 4 alkyl group. 

To a stirred .2 M solution of the derivatized tetralone (1.71 mmol) in acetonitrile (8.55 
ml) is added benzoylmethylene triphenylphosphorane (2.57 mmol). The mixture is stirred 
and refluxed for several hours (TLC determined the end of the reaction). The solution is 
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concentrated by evaporation to afford the crude product, which is purified with column 
chromatography on silica gel. 

5 VII. 2,6-DIBENZYLIDENECYCLOHEXANONE DERIVATIVES 




where A, B, C 1 , D, and E are independently selected from H, a q-C 3 alkyl 

group, a halogen, an OR, group, COOH, COOR^ an alkylene ester group 

according to the structure -(CH,) m COOR.| or a CF 3 group. 

where subscript m is any integer. 

where Z is O, S, N-H, N-CH}, N-CH 2 CH 3 or CH 2 . 

where R 1 is a C r C 4 alkyl group. 

10 To a .67 M solution of the benzaldehyde (20.0 mmol) and cyclohexanone (10.0 mmol) 

in ethanol (15 ml) is added 10 ml 40% KOH at 10°C. After stirring for 12-24 hr at room 
temperature, the solution is diluted and filtered. The precipitate is recrystallized from ethanol 
to afford 2,6-dibenzalcyclohexanone and its derivatives. 



15 

VIII. 2,6-DIBENZYLIDENECYCLOPENTANONE DERIVATIVES 
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where A, B, C 1 , D, and E are independently selected from H, a C r C 3 alky I 
group, a halogen, an OR, group, COOH, COOR.,, an alkylene ester group 
according to the structure -(CH 2 ) m COOR 1 or a CF 3 group, 
where subscript m is any integer, 
where R 1 is a C r C 4 alkyl group. 

To a .67 M solution of the benzaldehyde (20.0 mmol) and cyclopentanone (10.0 
mmol) in ethanol (15 ml) is added 10 ml 40% KOH at 10°C. After stirring for 12-24 hr at 
room temperature, the solution is diluted and filtered. The precipitate is recrystallized from 
ethanol to afford 2,6-dibenzalcyclopentanone and its derivatives. 



IX. BENZYLIDENEACETONE DERIVATIVES 

10 




D 



where A, B, C 1 , D, and E are independently selected from H, a C r C 3 alkyl 
group, a halogen, an OR., group, COOH, COOR.,, an alkylene ester group 
according to the structure -(CH 2 ) m COOR 1 or a CF 3 group, 
where subscript m is any integer, 
where R 1 is a a C r C 4 alkyl group. 

To a stirred solution of the benzaldehyde (8.00 mmol) and of acetone (22 mmol) in a 
25-ml erlenmeyer flask in an ice bath is added dropwise .2 ml of a 10% NaOH solution. The 

1 5 temperature is not allowed to exceed 30°C during the addition and is stirred for an additional 
2 hours at room temperature after the addition. The reaction is quenched with dilute HC1 
until the solution became slightly acidic. The aqueous layer is extracted with toluene, and the 
combined organic extracts were washed with water and dried with MgS0 4 . The toluene is 
removed by fractional distillation at atmospheric pressure, and the pure product is collected 

20 from distillation at reduced pressure or by column chromatography on silica gel. 
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X. 2-BENZYLIDENECYCLOALKANONE DERIVATIVES 




where A, B, C 1 , D, and E are independently selected from H, a C r C 3 alkyl 
group, a halogen, an OF^ group, COOH, COOR 1t an alkylene ester group 
according to the structure -(CH 2 ) m COOR 1 or a CF 3 group, 
where subscript m is any integer, 
where Z is O, S, N-H, N-CH 3 , N-CH 2 CH 3 or CH 2 . 
5 where R., is a a C r C 4 alkyl group. 

To a stirred solution of the benzaldehyde (3.64 mmol) and the cycloalkanone 
derivative (10.0 mmol) in a 25-ml erlenmeyer flask in an ice bath is added dropwise .1 ml of 
a 10% NaOH solution. The mixture is not allowed to exceed 30°C during the addition and is 
10 stirred for an additional 2 hours at room temperature after the addition. The reaction is 
quenched with dilute HC1 until the solution became slightly acidic. The aqueous layer is 
extracted with chloroform, and the combined organic extracts were washed with water, dried 
with MgS0 4 , and evaporated to yield the crude product. Pure product is obtained by column 
chromatography on silica gel. 

15 

XI. 1-CYCLOALKYLPROPENONE DERIVATIVES 
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where T is independently selected from 




where A, B, C 1 , D t E, G, J, K, and L are independently selected from H, a 
C r C 3 alkyl group, a halogen, an OR-j group, COOH, COOF^, an alkylene 
ester group according to the structure -(CH 2 ) m COOR i or a CF 3 group, 
where subscript m is any integer, 
where is a C r C 4 alkyl group. 

To a stirred .44 M solution of cyclohexyl methyl ketone (10 mmol) in THF at -78°C 
under nitrogen is added lithium diisopropylamide (10 mmol) dropwise via syringe over 20 
5 minutes. After 40 minutes of stirring, a specific aldehyde (12 mmol) in THF (2 M) is added 
dropwise via syringe over 2 to 3 minutes, and the reaction is allowed to warm slowly to room 
temperature. The THF is evaporated, and water is added. Standard ether work-up and 
column chromatography on silica gel provided the product. In order to form the 
dicyclohexylpropenone, the aldol product from the above reaction is refluxed in ethanol and 
10 aqueous HC1 for several hours. Water is added, and a standard ether work-up followed by 
column chromatography on silica gel provided the pure product. 

XII. 3-CYCLOALKYLPROPENONE DERIVATIVES 
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O 




where Q is independently selected from 




where A, B, C 1 , D, E, G, J, K, and L are independently selected from H, a 
CpGj alkyl group, a halogen, an OR, group, COOH, COOR,, an alkylene 
ester group according to the structure -(C^COOR! or a CF 3 group, 
where subscript m is any integer, 
where R 1 is a C r C 4 alkyl group. 

NaH (60% dispersion in oil, 16.6 mmol) is added to a round-bottom flask and is 
rinsed with hexane three times to remove the oil. The flask is put in an ice bath, and the NaH 
5 is put under a nitrogen atmosphere. A .4 M solution of aryl methyl ketone (1 0 mmol) in THF 
is added dropwise via syringe over several minutes. After 10 minutes of stirring at room 
temperature, cyclohexanecarboxaldehyde (12 mmol) in THF (2 M) is added dropwise via 
syringe over 2 to 3 minutes. Stirring is continued overnight. The THF is evaporated, and 
water is added. Standard ether work-up and column chromatography provided the product. 
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XIII. CAMPHOR DERIVATIVES 




D G D G 



where A, B, C 1 , D, E, G, J, K, and L are independently selected from H, a 
C r C 3 alkyl group, a halogen, an OR-i group, COOH, COOF^, an alkylene 
ester group according to the structure -(ChymCOOR-i or a CF 3 group, 
where subscript m is any integer, 
where R-i is a C r C 4 alkyl group. 

NaH (60% dispersion in oil, 16.6 mmol) is added to a round-bottom flask and is 
rinsed with hexane three times to remove the oil. The flask is put in an ice bath, and the NaH 
10 is put under a nitrogen atmosphere. A .4 M solution of camphor (10 mmol) in THF is added 
dropwise via syringe over several minutes. After 10 minutes of stirring at room temperature, 
the appropriate aldehyde (12 mmol) in THF (2 M) is added dropwise via syringe over 2 to 3 
minutes. Stirring is continued overnight. The THF is evaporated, and water is added. 
Standard ether work-up and column chromatography using silica gel provided the product. 



15 
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XIV. STILBENE DERIVATIVES 




D 



where A, B, C 1 , D, E, G, J, K, and L are independently selected from H, a 
Ci-C 3 alkyl group, a halogen, an OR-, group, COOH, COOR.,, an alkylene 
ester group according to the structure -(CH2) m COOR i or a CF 3 group, 
where subscript m is any integer. 

where W is chosen from COOR-i, CORl CN, and COPh. 
where R-i is a C r C 4 alkyl group. 

5 To a .67 M solution of the functionalized benzaldehyde (10 mmol) and the benzyl 

ketone, ester, or nitrile (10 mmol) in ethanol (15 ml) is added 10 ml of 40% NaOH at 10°C. 
After stirring overnight at room temperature, the solution is filtered. The precipitate is 
recrystallized from the appropiate solvent (usually ethanol) to afford the pure product 

10 XV. BENZOYLDIHYDRONAPHTHYLENE DERIVATIVES 




where A, B, C 1 , D, and E are independently selected from H, a C r C 3 alkyl 

group, a halogen, an OR 1 group, COOH, COOR-,, an alkylene ester group 

according to the structure -(CH^mCOOR., or a CF 3 group. 

where subscript m is any integer. 

where Z is O, S, N-H, N-CH 3 , N-CH 2 CH 3 or CH 2 . 

where R 1 is a C r C 4 alkyl group. 

15 To a stirred solution of the carbonyl chloride (5 mmol) in THF (.4 M) in an ice bath is 

added phenylmagnesium bromide (5 mmol) in THF (1 M) dropwise over several minutes. 
After addition, the solution stirred overnight at room temperature. The THF is evaporated, 
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and water is added. A standard ether work-up followed by column chromatography on silica 
gel provided the pure product. 

XVI. 2-BENZYLIDENEALKANEDIONE DERIVATIVES 




where A, B, C 1 , D, and E are independently selected from H, a q-C3 alkyl 

group, a halogen, an OR, group, COOH, COOR^ an alkylene ester group 

according to the structure -(Chl^COOR., or a CF 3 group. 

where subscript m is any integer. 

where R 1 is a C r C 4 alkyl group. 

where R 2 is C r C 4 alkyl group or a phenyl group. 

To a .67 M solution of the benzaldehyde (10 mmol) and the diketone (10 mmol) in 
ethanol (15 ml) is added 10 ml of 40% NaOH at 10°C. After stirring overnight at room 
temperature, the solution is filtered. The precipitate is recrystallized from the appropriate 
solvent (usually ethanol) to afford the pure product. 
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XVII. 2,6-DIBENZHYDRYLIDENECYCLOPENTANONE DERIVATIVES 




where A, B, C 1 , D, and E are independently selected from H, a C r C 3 alky I 
group, a halogen, an OR, group, COOH, COOR.,, an alkylene ester group 
according to the structure -(CH 2 ) m COOR 1 or a CF 3 group, 
where subscript m is any integer, 
where R 1 is C r C 4 alkyl group. 

To a .5 M solution of the benzophenone (20 mmol) and cyclopentanone (10 mmol) 
2-propanol (40 ml) is added 10 ml of 40% KOH at 10°C. After stirring overnight at room 
temperature, the solution is filtered. The precipitate is recrystallized from the appropriate 
solvent (usually 2-propanol) to afford the pure product. 

XVIII. 2,6-DIBENZHYDRYLIDENECYCLOALKANONE DERIVATIVES 
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where A, B, C\ D, and E are independently selected from H, a q-C^ alkyl 

group, a halogen, an OR, group, COOH, COOR^ an alkylene ester group 

according to the structure -(CH^mCOOR., or a CF 3 group. 

where subscript m is any integer. 

where Z is O, S, N-H, N-CHj, N-CH 2 CH 3 or CH 2 . 

where R 1 is a C r C 4 alkyl group. 
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To a .5 M solution of the benzophenone (20 mmol) and cycloalkanone (10 mmol) in 
2-propanol (40 ml) is added 10 ml of 40% KOH at 10°C. After stirring overnight at room 
temperature, the solution is filtered. The precipitate is recrystallized from the appropriate 
solvent (usually 2-propanol) to afford the pure product. 

XIX. 2-BENZHYDRYLIDENEALKANEDIONE DERIVATIVES 



where A, B, C 1 , D, and E are independently selected from H, a C 1-C3 alkyl 

group, a halogen, an OR-, group, COOH, COOR-i, an alkylene ester group 

according to the structure -(CH 2 ) m COOR-, or a CF 3 group. 

where subscript m is any integer. 

where R-i is a C r C 4 alkyl group. 

where R 2 is C r C 4 alkyl group or a phenyl group. 

To a .5 M solution of the benzophenone (10 mmol) and cycloalkanedione (10 mmol) 
in 2-propanol (20 ml) is added 10 ml of 40% KOH at 10°C. After stirring overnight at room 
temperature, the solution is filtered. The precipitate is recrystallized from the appropriate 
solvent (usually 2-propanol) to afford the pure product. 
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XX. 2-BENZHYDRYLIDENEINDANDIONE DERIVATIVES 




where A, B, C 1 , D and E are independently selected from H, a q-C 3 alkyl group, a 
halogen, an OR, group, COOH, COOR,, an alkylene ester group according to the 
structure -(CH^mCOOR., or a CF 3 group, 
where subscript m is any integer, 
where R 1 is a C r C 4 alkyl group. 

5 Boron oxide (10.26 mmol) and the benzophenone (7.53 mmol) were added to a stirred 

solution of the indandione (6.84 mmol), piperidine (3 drops), and benzene (.67 M). The 
solution is refluxed with stirring for several hours. After filtration of the solution, the filtrate 
is concentrated under reduced pressure. The resulting crystalline solid is recrystallized from 
ethanol. If no solid formed, a standard ether work-up followed by column chromatography 

10 on silica gel purified the product. 



XXI. 2-BENZHYDRYLIDENECAMPHOR DERIVATIVE 
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where A, B, C 1 , D and E are independently selected from H, a C r C 3 alkyl 
group, a halogen, an OR, group, COOH, COOR.,, an alkylene ester group 
according to the structure -(CH 2 ) m COOR 1 or a CF 3 group, 
where subscript m is any integer, 
where R 1 is a C r C 4 alkyl group. 

A solution of n-BuLi (6.57 mmol) is added dropwise over several minutes to a .4 M 
suspension of camphor (6.57 mmol) in dry THF under nitrogen at 0°C. After stirring for at 
least 5 minutes, a 2 M solution of the benzophenone (7.23 mmol) in dry THF is added. 
Stirring is continued for 15 min at 0 to 5°C and then for 1.5 nr. at room temperature, followed 
by removal of most of the THF by rotary evaporation. Water is added and is extracted with 
ether. The extracts were washed with water, dried over MgS0 4 , and evaporated to give the 
crude product. Chromatography using silica gel gave the pure product. 

XXII. 2-BENZHYDRYLIDENECYCLOALKANONE DERIVATIVES 




where A, B, C 1 , D, and E are independently selected from H, a CrQj alkyl 

group, a halogen, an ORi group, COOH, COOR^ an alkylene ester group 

according to the structure -(CH 2 ) m COORi or a CF 3 group. 

where subscript m is any integer. 

where Z is O, S, N-H, N-CH 3 , N-CH 2 CH 3 or CH 2 . 

where is a C r C 4 alkyl group. 

To a stirred solution of the benzophenone (3.64 mmol) and the cycloalkanone 
derivative (10.0 mmol) in a 25-ml erlenmeyer flask in an ice bath is added dropwise .1 ml of 
a 10% NaOH solution. The mixture is not allowed to exceed 30°C during the addition and is 
stirred for several additional hours at room temperature after the addition. The reaction is 
quenched with dilute HC1 until it rendered litmus paper slightly acidic. The aqueous layer is 
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extracted with chloroform, and the combined organic extracts were washed with water, dried 
with MgS0 4 , and evaporated to yield the crude product. Pure product is obtained by column 
chromatography on silica gel. 

5 

XXIII. 2,3-DIPHENYL-2-CYCLOALKENONE DERIVATIVES 




where A, B, C 1 , D, and E are independently selected from H, a C r C 3 alkyl group, 

a halogen, an OR 1 group, COOH, COOR.,, an alkylene ester group according to 

the structure -(CH 2 ) m COOR 1 or a CF 3 group. 

where subscript m is any integer. 

where Z is O, S, N-H, N-CH 3 , N-CH 2 CH 3 or CH 2 . 

where R 1 is a C r C 4 alkyl group. 

10 

Compound 1 (2,3-Diphenyl-2-Cyclohexenone Derivatives): A solution of methyl 5- 
oxo-5-phenyl-2-(phenylacetyl)pentanoate (19.3 mmol) in 2% NaOH (1 16 ml) and 1,4- 
dioxane (100 ml) is refluxed for 1 hour, cooled to room temperature, evaporated in vacuo, 
and partitioned between chloroform and water. The chloroform extracts are washed with 
1 5 water, dried with Mg 2 S0 4 , and chromatographed on silica gel to yield the pure 
diphenylcyclohexenone derivative. 

Compound 2 (2,3-Diphenyl-2-cyclopentenone Derivatives): To dibenzalacetone 
(9mmol) is added 85% phosphoric acid (22.5 ml) and 90% formic acid (22.5ml). The 
20 mixture is heated to 90 °C for 4 hours. Water (30 ml) is added and the solution is extracted 
with 1 50 ml of diethyl ether. The extracts are washed with saturated sodium bicarbonate and 
water, dried with Mg 2 S0 4 , and evaporated to yield crude product. Column chromatography 
with silica gel provides pure product. 
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Specific Examples 

Materials and Methods. 'H NMR (p.m.r.) spectra were recorded on a Bruker 250 AMX 
spectrometer for 250 MHz, with Me 4 Si as internal standard. Chemical shifts (S) are 
reported in parts per million (ppm) and signals are reported as s (singlet), d (doublet), 
t (triplet), q (quartet), m (multiplet), or br s (broad singlet). 13 C NMR (c.m.r.) Are also 
reported in a number of instances. Reactants and solvents were generally distilled before 
use. 

Numerous chalcone compounds were synthesized and tested to determine their 
potential as pharmaceutical agents. A description of the synthesis of these compounds is set 
forth below. The synthesis of those compounds which are not specifically described proceeds 
by analogy from the specific syntheses disclosed. A number of chalcone compounds, as 
indicated in the attached Table 2, were purchased (Aldrich Chemical Co. or Lancaster 
Chemical Co.) rather than synthesized before testing. Tables 1-6 indicate the compounds 
which were synthesized or purchased and generally tested to determine their activity as anti- 
angiogenesis agents. 

2,3-Dibromo-l,3-diphenylpropenone. To a stirred solution of (3.00 g, 14.4 mmol) chalcone 
in 53.4 ml chloroform at 0°C was added dropwise a solution of (2.35 g, 14.7 mmol) bromine 
in 40.8 ml of chloroform over 30 minutes. The solution was stirred for 2 hrs at room 
temperature. The solvent was evaporated to yield the crude product, which was recrystallized 
from ethanol affording 5.05 g (95.3%) of a white, flaky powder. 'H NMR (250 MHz) 6 8.14- 
8.11 (m, 2 H), 7.71-7.37 (m, 8 H), 5.88-5.84 (d, 2 H), 5.69-5.65 (d, 2 H); 13 C NMR (62.7 
MHz) 191.4, 138.5, 134.4, 129.6, 129.3, 129.1, 128.6, 50.0, 47.1 ppm. 

a-Bromo-Z-chalcone. (41) Cromwell, J. Am. Chem. Soc, 1940, 62, 2897-2900. Sodium 
acetate (245 mg, 2.99 mmol) was added to a solution of 2,3-dibromo-l,3-diphenyl-l- 
propanone (l.OOg, 2.72 mmol) in 4 ml 95% ethanol. The solution was stirred and refluxed 
for 2 hours. The solvent was evaporated, and the crude product was diluted in ether. The 
precipitate (sodium bromide) was filtered. The ether layer was washed with water, dried with 
magnesium sulfate, and evaporated to yield the crude product. Chromatographing twice on a 



WO 01/46110 



PCT/US00/35207 



43 

column with silica gel in 9:1 hexanesrether solvent gave 416 mg (53.3%) of the product as a 
yellowish-orange oil. See, Hassner, et aL, J. Am. Chem. Soc, 1971, 93, 981-985. 'H NMR 
(250 MHz) 6 7.90-7.81 (m, 4 H), 7.71 (s, 1 H), 7.64-7.44 (m, 6 H); 13 C NMR (62.7 MHz) 
191.7, 142.9, 136.7, 133.8, 132.8, 130.5, 130.4, 129.9, 128.9, 122.7 ppm. 

5 

1,3-Diphenyl-l-propanone. (42) Chalcone (2.00 g, 9.60 mmol) dissolved in 24 ml of ethyl 
acetate was hydrogenated with 100 mg of 10% Pd/C at 55 psi for 2 hours at room 
temperature. The catalyst was filtered through celite, and the solvent evaporated to give the 
crude product, which was chromatographed on silica gel using 4:1 hexanes:ethyl acetate 
10 yielding 1 .20 g (60.0%) of a white, flaky powder. 'H NMR (250 MHz) 5 8.00-7.97 (m, 2 H), 
7.61-7.21 (m, 8 H), 3.36-3.30 (t, 2 H), 3.13-3.07 (t, 2 H); 13 C NMR (62.7 MHz) 199.4, 141.5, 
137.0, 133.3, 128.8, 128.6, 128.2, 126.3, 40.6 ppm. 

l,3-Di(2-furyl)propenone. (43) After stirring 2 hours, a solid formed which was filtered and 
1 5 washed with ethanol. Recrystallization from ethanol afforded 1 57 mg (1 8 .4%) of light- 
yellow crystals: mp 88.1-89.3°C (lit. mp 88-89°C, Demir, et aL, Tetrahedron Asymmetry, 
1998, 9, 1035-1042). ! H NMR (250 MHz) Riahi, et al, Synth. Commun., 1998, 28(23)4339- 
4344. 6 7.66-7.52 (m, 3 H), 7.31-7.28 (m, 2 H), 6.72-6.71 (d, 1 H), 6.59-6.57 (m, 1 H), 6.52- 
6.50 (m, 1 H); ,3 C NMR (62.7 MHz) 177.9, 153.8, 151.7, 146.7, 145.2, 130.0, 119.0, 117.6, 
20 1 16.5, 1 12.9, 1 12.6 ppm. 

l-(2-Furyl)-3-phenylpropenone. (44) After stirring 2 hours, a solid formed which was 
filtered and washed with ethanol. 300 mg (15.2%) of light-yellow flakes resulted: mp 88.2- 
89.5°C (lit. mp 89-90°C, Shibata, et al., J. Heterocylic Chem., 1991, 28, 161-165). 'H NMR 
25 (250 MHz) 6 7.92-7.86 (d, 1 H), 7.68-7.64 (m, 3 H), 7.49-7.39 (m, 4 H), 7.35-7.34 (d, 1 H), 
6.61-6.59 (m, 1 H); ,3 C NMR (62.7 MHz) 178.2, 153.8, 146.7, 144.2, 134.9, 130.8, 129.1, 
128.7, 121.3, 117.7, 112.7 ppm. 

3-(2-Furyl)-l-phenylpropenone. (45) After stirring 4 hours, a standard chloroform workup 
30 provided the crude product. Column chromatography with silica gel using 4: 1 hexanes:ethyl 
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acetate afforded 390 mg (19.7%) of a viscous yellow oil. Shibata, et al., J. Heterocylic 
Chem., 1991, 28, 161-165, H NMR (250 MHz) 8 8.06-8.02 (m, 2 H), 7.64-7.44 (m, 6 H), 
6.74-6.73 (d, 1 H), 6.54-6.52 (m, 1 H); 13 C NMR (62.7 MHz) 190.0, 151.8, 145.1, 138.4, 
132.9, 130.8, 128.8, 128.6, 119.5, 116.4, 112.8ppm. 

5 

3-(2,6-Dichlorobenzylidene)-4-chromanone. (67) To a solution of 2,6-dichloro- 
benzaldehyde (649 mg, 3.71 mmol) and 4-chromanone (500 mg, 3.37 mmol) in 8.4 ml of 
ethanol heated almost to boiling was added 1.7 ml of concentrated hydrochloric acid 
dropwise. After refluxing for 1 day, the solution was cooled overnight, and a precipitate 

10 formed. The precipitate was recrystallized from ethanol to afford 250 mg (25.0%) of white 
flakes. 'H NMR (250 MHz) 5 8.07-8.04 (dd, 1 H), 7.66 (s, 1 H), 7.53-7.47 (m, 1 H), 7.40- 
7.24 (m, 3 H), 7.11-7.06 (t, 1 H), 6.99-6.96 (d, 1 H), 4.88 (s, 2H); 13 C NMR (62.7 MHz) 
181.6, 161.9, 136.2, 134.9, 134.8, 132.4, 130.4, 128.4, 128.2, 122.2, 118.3, 68.3 ppm. 
Elemental Analysis. Calculated for C 16 H 10 Cl 2 O 2 : C, 62.97; H, 3.31. Found: C, 63.05; H, 

15 3.35. 

General Procedure for Enone Derivatives. The method of Maitra, et al. Synth. Commu., 
/P(13,14), 2363-2370 (1989), as followed, with modifications. To a solution of the aldehyde 
(10 mmol) and the methyl ketone or cyclic ketone (10 mmol) in 15 ml of ethanol was added 
20 1 0 ml of 40% potassium hydroxide in water at 1 0°C. After stirring for a specific amount of 
time at room temperature, the solution was filtered. The precipitate was recrystallized from 
the appropriate solvent to afford the pure product. 

3-(l-Naphthyl)-l-phenylpropenone. A viscous oil formed after stirring 2 hours and was 
25 extracted with ether. After a standard ether workup, a solid formed and was recrystallized 

from a 9:1 ethanol: chloroform solution to give 700 mg (27.1%) of yellow platelets: mp 75.8- 
76.4°C (lit. mp 76°C, Maitra, et al, supra) 'H NMR (250 MHz) 8 8.73-8.67 (d, 1 H), 8.29- 
8.26 (d, 1 H), 8.12-8.09 (d, 2 H), 7.96-7.89 (m, 3 H), 7.68-7.51 (m, 7 H); ,3 C NMR (62.7 
MHz) 190.5, 141.9, 138.4, 133.9, 133.1, 132.5, 131.9, 131.0, 128.8, 128.3, 127.2, 126.5, 
30 125.6, 125.3, 124.8, 123.7 ppm. 
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3-(2,6-DichIorophenyl)-l-(2-naphthyl)propettone. (59) 30 ml of methanol and 2 ml of 40% 

sodium hydroxide in water were used. After stirring 2 hours, a solid formed and was filtered. 
Recrystallization from ethanol afforded 2.28 g (69.7%) of a faint-yellow powder. 'H NMR 
(250 MHz) 6 8.53 (s, 1 H), 8.14-8.10 (d, 1 H), 8.01-7.78 (m, 5 H), 7.65-7.54 (m, 2 H), 7.42- 
5 7.39 (d, 2 H), 7.25-7.19 (m, 1 H); 13 C NMR (62.7 MHz) 190.2, 138.0, 135.8, 135.4, 135.2, 
132.9, 132.7, 130.7, 130.0, 129.8, 129.0, 128.8, 128.0, 127.0, 124.6 ppm. Elemental 
Analysis. Calculated for C I9 H 12 C1 2 0: C, 69.74; H, 3.70. Found: C, 67.84; H, 3.78. 

l,3-Di(2-naphthyl)propenone. (60) The reaction was stirred 5 hours, and a solid formed and 
1 0 was filtered. Recrystallization from 1 0% hexanes in chloroform afforded 1 .66 g (53.9%) of a 
bright yellow powder: mp 201.3-202.6°C (lit. mp 197-198°C, Levai, Pharmazie, 1979 34(7), 
439). 'H NMR (250 MHz) 8 8.61 (s, 1 H), 8.18-7.80 (m, 11 H), 7.67-7.55 (m, 4 H). 

l-(2-NaphthyI)-3-phenylpropenone. (61) After stirring 2 hours, a solid formed and was 
15 filtered. Recrystallization from ethanol afforded 1.98 g (76.7%) of yellow flakes: mp 104.2- 
104.8°C (lit. mp 102°C, Braude and Gore, J. Chem. Soc, 1959, 41-49). »H NMR (250 MHz) 
5 8.56 (s, 1 H), 8.15-8.11 (d, 1 H), 8.03-7.88 (m, 4 H), 7.74-7.68 (m, 4 H), 7.65-7.55 (m, 2 
H), 7.46-7.43 (m, 2 H); 13 C NMR (62.7 MHz) 190.5, 145.0, 135.7, 135.1, 132.7, 130.7, 130.1, 
129.7, 129.2, 128.7, 128.6, 128.0, 127.0, 124.7, 122.2 ppm. 

20 

3-(2-Naphthyl)-l-phenylpropenone. (62) After stirring 3 hours, a solid formed and was 
filtered. Recrystallization from ethanol afforded 2.10 g (81.4%) of a yellow, flaky powder: 
mp 154-155°C (lit. mp 155-156°C, Levai, supra) . 'H NMR (250 MHz) 8 8.10-7.79 (m, 8 H), 
7.69-7.50 (m, 6 H); 13 C NMR (62.7 MHz) 190.7, 145.1, 138.5, 134.6, 133.5, 133.0, 132.5, 
25 130.9, 128.8, 128.7, 128.0, 127.6, 127.0, 123.8, 122.4 ppm. 

l-(2-Naphthyl)-3-(l-naphthyl)propenone. (63) The reaction stirred 3 hours. Recrystal- 
lization from ethanol afforded 2.62 g (85.1%) of yellow flakes: mp 159-160°C (lit. mp 157- 
158°C, Levai, supra) . 'H NMR (250 MHz) 6 8.79-8.73 (d, 1 H), 8.61 (s, 1 H), 8.32-8.29 (d, 1 
30 H), 8.20-8.16 (d, 1 H), 8.04-7.91 (m, 5 H), 7.84-7.78 (d, 1 H), 7.67-7.53 (m, 6 H); l3 C NMR 
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(62.7 MHz) 190.2, 141.9, 135.7, 133.9, 132.8, 132.0, 131.0, 130.3,128.7, 128.4, 127.2, 127.0, 
126.5, 125.6, 125.3, 124.9, 124.7, 123.7 ppm. 

l-(l-NaphthyI)-3-(2-naphthyl)propenone. (64) After stirring 3 hours, a viscous oil formed 
5 which sat at room temperature for 2 days. A solid formed which was recrystallized from 
ethyl acetate twice to afford 1.39 g (45.1%) of yellow flakes: mp 83.5-84.3°C (lit. mp 84- 
85°C, Levai, supra)- *H NMR (250 MHz) 6 8.41-8.37 (m, 1 H), 8.05-7.74 (m, 9 H), 7.63-7.51 
(m, 5 H), 7.47-7.40 (d, 1 H); ,3 C NMR (62.7 MHz) 195.7, 146.2, 137.3, 134.8, 134.1, 133.5, 
132.3, 131.8, 131.0, 130.7, 129.0, 128.8, 128.7, 128.0, 127.7, 127.4, 127.3, 127.0, 126.7, 
10 125.6, 124.7, 123.8 ppm. 

3-BenzyIidene-4-chromanone. (66) To a solution of benzaldehyde (430 mg, 4.05 mmol) 
and 4-chromanone (500 mg, 3.37 mmol) in 8.4 ml of ethanol heated almost to boiling was 
added 1.7 ml of concentrated hydrochloric acid dropwise. After refluxing for 2 days, the 

15 solution was cooled overnight, and a precipitate formed. The precipitate was recrystallized 
from ethanol to afford 367 mg (46.1%) of white flakes: mp 11 1.8-1 13.4°C (lit. mp 112°C, 
Powell, J. Am. Chem. Soc, 1923,, 45, 2708-2711). 'H NMR (250 MHz) 6 8.06-8.02 (dd, 1 
H), 7.90 (s, 1 H), 7.54-7.31 (m, 6 H), 7.09 (t, 1 H), 7.00-6.96 (d, 1 H), 5.37 (s, 2 H); 13 C NMR 
(62.7 MHz) 182.4, 161.3, 137.7, 136.1, 134.6, 131.1, 130.2, 129.7, 128.9, 128.1, 122.1, 

20 118.1, 67.8 ppm. 

l-(l-Naphthyl)-3-phenylpropenone. (58) After stirring 3 hours, a viscous oil formed which 
was chromatographed with silica gel using a 9:1 hexanes:ether solvent. 850 mg (32.9%) of 
yellow flakes resulted: mp 105.5-106.7°C (lit. mp 105°C, Bonsign, et al., Gazz.Chim. Ital, 
25 1976, 106, 617). ! H NMR (250 MHz) 8 8.37-8.33 (m, 1 H), 8.03-8.00 (d, 1 H), 7.95-7.90 (m, 
1 H), 7.81-7.78 (d, 1 H), 7.68-7.49 (m, 6 H), 7.45-7.41 (m, 2 H), 7.36-7.29 (d, 1 H); ,3 C NMR 
(62.7 MHz) 195.9, 146.1, 137.3, 134.8, 134.0, 132.5, 131.8, 130.9, 129.2, 128.9, 127.5, 
126.7, 125.6, 124.7 ppm. 



30 



l,3-Di(l-naphthyl)propenone. (65) After stirring 2 hours, a viscous oil formed which was 
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chromatographed with silica gel using a 9:1 hexanes:ether solvent. A solid formed which 
was recrystallized from ethyl acetate to afforded 629 mg (20.4%) of yellow flakes: mp 74.5- 
75.0°C (lit. mp 70.0-72.0°C. Matsui, et al., J.Chem. Soc, Perkins Trans. 2, 1992, 201-206). 
'H NMR (250 MHz) 6 8.56-8.50 (d, 1 H), 8.49-8.44 (m, 1 H), 8.13-7-88 (m, 7 H), 7.65-7.50 
(m,6H); l3 C NMR (62.7 MHz) 195.5, 142.8, 137.3, 134.1, 133.9, 132.1, 131.2, 130.8, 129.6, 
129.0, 128.7, 127.6, 127.2, 126.7, 126.4, 125.9, 125.7, 125.4, 124.7, 123.4 ppm. 

2-BenzyIidenetetraione. (68) The solution turned purple when the base was added, and in 5 
hours a sea-green-colored precipitate formed. Recrystallization from ethanol afforded 1.56 g 
(66.7%) of small, yellow, flaky crystals: mp 106.2-106.6°C (lit. mp 108°C, Riahi, et al., 
supra ). 'H NMR (250 MHz) 6 8.17-8.14 (m, 1 H), 7.89 (s, 1 H), 7.53-7.24 (m, 8 H), 3.14 (t, 
2 H), 2.95 (t, 2 H); ,3 C NMR (62.7 MHz) 188.1, 143.4, 136.0, 135.6, 133.5, 130.1, 128.7, 
128.4, 127.2, 29.1, 27.4 ppm. 

2-(2,6-DichlorobenzyIidene)tetraIone. (69) 30 ml of ethanol was used to dissolve the 
starting materials. The solution turned purple when the base was added, and in 4 hours a 
purple oil formed. Chromatography with silica gel using 9:1 hexanes:ethyl acetate afforded a 
yellow oil. Upon standing at 4°C, a solid formed and was recrystallized from ethanol 
yielding 2.00 g (66.0%) of faint-yellow platelets: mp 73.8-75.6°C. 'H NMR (250 MHz) 6 
8.20-8.17 (d, 1 H), 7.60 (s, 1 H), 7.50 (t, 1 H), 7.40-7.37 (m, 3 H), 7.26-7.19 (m, 2 H), 2.97 (t, 
2 H), 2.68 (t, 2 H); ,3 C NMR (62.7 MHz) 187.0, 144.1, 139.7, 134.8, 134.2, 133.7, 133.4, 
130.8, 129.6, 128.5, 128.2, 127.2, 28.8, 28.0 ppm. Elemental Analysis. Calculated for 
C 17 H 12 C1 2 0: C, 67.34; H, 4.00. Found: C, 67.94; H, 4.27. 

2-(l-Naphthylidene)tetralone. (70) A 5 mmol scale reaction was performed. The solution 
became dark purple when the base was added. After stirring the reaction about 14 hours, the 
solution turned red with a yellow precipitate, which was a rock-hard solid. The solid was 
pulverized with a mortal and pestle and was recrystallized from ethanol affording 1.10 g 
(77.7%) of small, light-yellow needles: mp 129.7-131.6°C. >H NMR (250 MHz) 6 8.40 (s, 1 
H), 8.25-8.22 (m, 1 H), 8.03 (t, 1 H), 7.94-7.87 (m, 2 H), 7.58-7.38 (m, 6 H), 7.27-7.25 (d, 1 



WO 01/46110 



PCT/US00/35207 



48 

H), 3.04-2.91 (m,4H); 13 C NMR (62.7 MHz) 188.0, 143.8, 137.6, 134.6, 133.5, 133.3, 132.2, 
129.1, 128.7, 128.5, 127.3, 126.8, 126.7, 126.4, 125.3, 125.0, 29.4, 27.9 ppm. Elemental 
Analysis. Calculated for C 21 H, 6 0: C, 88.69; H, 5.68. Found: C, 88.54; H, 5.64. 

2-(2-Naphthylidene)tetralone. (71) The reaction was stirred 3 hours. Recrystallization from 
ethanol afforded 1.23 g (43.3%) of bright-yellow needles: mp 136.4-136.8°C (lit. mp 134°C, 
Riahi,et al, supra). 'H NMR (250 MHz) 6 8.21-8.18 (d, 1 H), 8.05 (s, 1 H), 7.92-7.85 (m, 4 
H), 7.58-7.48 (m, 4 H), 7.39 (t, 1 H), 7.28-7.25 (d, 1 H), 3.23 (t, 2 H), 2.96 (t, 2 H); 13 C NMR 
(62.7 MHz) 188.0, 143.3, 136.9, 135.6, 133.5, 133.2, 129.8, 128.5, 128.4, 128.2, 127.9, 
127.4, 127.2, 127.0, 126.6, 29.0, 27.5 ppm. 

2,6-Di(benzylidene)cyclohexanone. (75) Cyclohexanone (10 mmol) and benzaldehyde (20 
mmol) were used. The reaction stirred for 2 hours. A solid formed and was filtered. 
Recrystallization from ethanol yielded 2.01 g (73.4%) of bright-yellow flakes: mp 1 18.1- 
119.0°C (lit. mp 116-117°C, Smith, et al., Can. J. Chem., 1973, 51, 1458-1470). 'H NMR 
(250 MHz) 6 7.83 (s, 2 H), 7.50-7.32 (m, 10 H), 2.95 (t, 4 H), 1.80 (p, 2 H); 13 C NMR (62.7 
MHz) 190.5, 137.1, 136.4, 136.1, 130.5, 128.8, 128.5, 28.6, 23.2 ppm. 

2,6-Bis(2,6-dichIorobenzyIidene)cyclohexanone. (76) Cyclohexanone (10 mmol), 60 ml of 
ethanol, and 2,6-dichlorobenzaldehyde (20 mmol) were used. The reaction stirred for 4 
hours. A solid formed and was filtered. Recrystallization from ethanol yielded 3.24 g 
(78.6%) of bright-yellow flakes: mp 185.0-186.0°C (lit. mp 183°C, Smith et al., supra)- 'H 
NMR (250 MHz) 6 7.60 (s, 2 H), 7.37-7.18 (m, 6 H), 2.45 (t, 4 H), 1.73 (p, 2 H); 13 C NMR 
(62.7 MHz) 188.2, 140.3, 134.6, 134.4, 132.4, 129.6, 128.1, 28.4, 22.1 ppm. 

Other enone derivatives. Other derivatives synthesized have specific reaction conditions as 
set forth hereinbelow. 

l^-Diphenyl-l^jE-pentadien-S-one. (3) Hill and Barbaro, Experiments in Organic 
Chemistry. Contemporary Publishing Co. of Raleigh, Inc., Raleigh, 1996. 5 g of sodium 
hydroxide, dissolved in 25 ml of water and 25 ml of 95% ethanol, was cooled to 20 to 25°C. 
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2.9 g (50 mmol) of acetone and 10.6 g (100 mmol) of benzaldehyde were added, and a yellow 
precipitate formed. After 20 minutes the solution was filtered, and the solid was 
recrystallized from ethyl acetate to afford 10.1 g (86.3%) of bright-yellow platelets: mp 
1 11.9-1 12.5°C (lit. mp 1 12°C, Hill and Barbara, supra) . l H NMR (250 MHz) 6 7.79-7.73 (d, 
5 1 H), 7.65-7.61 (m, 4 H), 7.44-7.41 (t, 6 H), 7.13-7.07 (d, 1 H) ppm. 

-7-tt^yliH^.l^-inrianriinnP. (8) ( Chem. Pharm. Bull. 1974, 22(2), 448-451). Boron 
oxide (720 mg, 10.26 mmol) and benzaldehyde (800 mg, 7.53 mmol) were added to a stirred 
solution of the indandione (1.00 g, 6.84 mmol) and piperidine (3 drops) in 10.2 ml of 

10 benzene. The solution was refluxed with stirring for 30 minutes. After filtration of the 

solution, the filtrate was concentrated under reduced pressure. The resulting crystalline solid 
was recrystallized from ethanol to afford 1.00 g (62.4%) of yellowish-green platelets: mp 
149.5-150.0°C (lit. mp 150°C, Okukawa, et al., Chem. Pharm. Bull., 1974, 22(2), 448-451). 
'H NMR (250 MHz) 6 8.47-8.45 (m, 2 H), 8.06-7.99 (m, 2 H), 7.90 (s, 1 H), 7.84-7.79 (m, 2 

15 H), 7.58-7.50 (m, 3 H); 13 C NMR (62.7 MHz) 190.5, 189.2, 147.2, 142.7, 140.2, 135.6, 135.4, 
134.3, 133.4, 133.2, 129.3, 129.0, 123.5, 123.5 ppm. 

2,6-Dichlorochalcone. (31) Canadian Journal of Chemistry . 1968 46, 1952-6). To a 
solution of 2,6-dichlorobenzaldehyde (1.75 g, 10.0 mmol) and acetophenone (1.20 g, 10.0 

20 mmol) in 30.0 ml of methanol was added 4.4 ml of 40% sodium hydroxide in water at 10°C. 
After stirring for 3 hours at room temperature, a solid appeared and was filtered. The 
precipitate was recrystallized from methanol to afford 1.68 g (60.6%) of yellow needles: mp 
84.5-85.3°C (lit. mp 83°C Kuck and Grutzmacher, Org. Mass. Spect. 1978, 13, 90-102). 'H 
NMR (250 MHz) 6 8.05-8.01 (m, 2 H), 7.90-7.84 (d, 1 H), 7.70-7.64 (d, 1 H), 7.62-7.48 (m, 

25 3 H), 7.41-7.37 (d, 2 H), 7.24-7.18 (dd, 1 H); 13 C NMR (62.7 MHz) 190.3, 139.0, 135.3, 
133.3 132.8, 130.7, 130.0, 129.0, 128.9 ppm. 

2,2',6,6'-Tetrachlorochalcone. (32) To a solution of the 2,6-dichlorobenzaldehyde (438 mg, 
2.50 mmol) and 2,6-dichloroacetophenone (473 mg, 2.50 mmol) in 3.7 ml of ethanol was 
30 added . 1 ml of 40% sodium hydroxide in water at 1 0°C. After stirring for 2 hours at room 
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temperature, a solid appeared and was filtered. The precipitate was recrystallized from 
methanol to afford 465 mg (53.8%) of white, cottony needles: mp 130-130.4°C (lit. mp 124- 
125°C, Kaiser, et al., Monatshefte fur Chemie, 1997, 128, 1247-1254). 'H NMR (250 MHz) 
6 7.43-7.17 (m, 7 H), 7.10-7.03 (d, 1 H); 13 C NMR (62.7 MHz) 193.0, 141.7, 137.5, 135.3 
134.4, 132.1, 131.8, 131.0, 130.6, 129.0, 128.3 ppm. 

2',6'-Dichlorochalcone. (33) To a solution of benzaldehyde (141 mg, 1.32 mmol) and 2,6- 
dichloroacetophenone (250 mg, 1.32 mmol) in 2.0 ml of methanol was added .1 mi of 40% 
sodium hydroxide in water at 10°C. After stirring for 3 hours at room temperature, a solid 
appeared and was filtered. The precipitate was recrystallized from ethanol to afford 174 mg 
(47.5%) of small, white needles: mp 108.0-109.0°C (lit. mp 105-107, Batt, et al., J. Med. 
Chem., 1993, 36, 1434-1442). 'H NMR (250 MHz) 6 7.57-7.54 (m, 2 H), 7.45-7.24 (m, 7 H), 
7.00-6.94 (d, 1 H). 

2,2',3,3',4,4%5,5%6,6'-DecafluorochaIone. (34) Matoba and Yamazaki, Chem. Pharm. 
Bull, 1982, 30(7), 2586-2589. 100 mg of sodium hydroxide was added to 4.2 ml of water 
and 3.2 ml of 95% ethanol. To 1.9 ml of the above solution in an ice bath was added 
2,3,4,5,6-pentafluoroacetophenone (500 mg, 2.38 mmol) and then 2,3,4,5,6- 
pentafluorobenzaldehyde (467 mg, 2.38 mmol). After stirring for 2 hr at room temperature, a 
yellow solid appeared and was filtered. The precipitate was recrystallized from ethanol twice 
to afford 550 mg (59.5%) of a white powder: mp 58.0-59.0°C (lit. mp 58.4-59.0°C, Filler, et 
al., J. Org. Chem, 1975, 40, 935-939). *H NMR (250 MHz) 6 7.66-7.59 (d, 1 H), 7.37-7.30 
(d, 1 H); 13 C NMR (62.7 MHz) 183.1, 148.3, 146.9, 144.2, 142.6, 140.1, 136.1, 132.1, 130.3, 
114.2, 109.7. 

2,3,4,5,6-Pentafluorochalone. (35) 660 mg of sodium hydroxide was added to 6.0 ml of 
water and 3.0 ml of 95% ethanol. To 1.7 ml of the above solution in an ice bath was added 
acetophenone (306 mg, 2.56 mmol) and then 2,3,4,5,6-pentafluorobenzaldehyde (500 mg, 
2.56 mmol). After stirring for 2 hr at room temperature, a yellow solid appeared and was 
filtered. The precipitate was recrystallized from ethanol to afford 148 mg (19.4%) of a white 
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powder: mp 145.1-146.6°C (lit. mp 144-146°C, Filler, et al., supra). 'H NMR (250 MHz) 
6 8.05-8.01 (m, 2 H), 7.91-7.84 (d, 1 H), 7.80-7.73 (d, 1 H), 7.67-7.51 (m, 3 H); ,3 C NMR 
(62.7 MHz) 189.6, 144.0, 140.0, 133.7, 129.1, 128.9, 128.0. 

2',3',4',5',6'-Pentafluorochalone. (36) 100 mg of sodium hydroxide was added to 4.2 ml of 
water and 3.2 ml of 95% ethanol. To 1.9 ml of the above solution in an ice bath was added 
2,3,4,5,6-pentaftuoroacetophenone (500 mg, 2.38 mmol) and then benzaldehyde (252 mg, 
2.38 mmol). After stirring for 1 hr at room temperature, a yellow solid appeared and was 
filtered. The precipitate was washed with cold 95% ethanol twice to afford 543 mg (76.5%) 
of a white powder: mp 98.2-99.2°C (lit. mp 102.2-102.9°C, Filler et al., supra). 'H NMR 
(250 MHz) 6 7.61-7.40 (m, 6 H), 7.08-7.01 (d, 1 H); 13 C NMR (62.7 MHz) 184.1, 148.5, 
133.8, 131.9, 129.4, 129.1, 126.3. 

2,2',6,6'-Tetramethoxychalcone. (37) To a solution of 2,6-dimethoxybenzaldehyde (250 
mg, 1.50 mmol) and 2,6-tetramethoxyacetophenone (271 mg, 1.50 mmol) in 2.2 ml of 
methanol was added 1.0 ml of 40% sodium hydroxide in water at 10°C. After stirring for 5 
hours at room temperature, a solid formed. Recrystallization form methanol provided 483 mg 
(98.0%) of a white powder: mp 179.0-179.8°C. »H NMR (250 MHz) 6 7.85-7.77 (d, 1 H), 
7.45-7.38 (d, 1 H), 7.33-7.21 (m, 2 H), 6.62-6.59 (d, 2 H), 6.54-6.50 (d, 2 H), 3.82 (s, 6 H), 
3.77 (s,6H); ,3 C NMR (62.7 MHz) 197.4, 160.3, 157.7, 137.1, 131.7, 131.5, 130.4, 119.2, 
112.8, 104.2, 103.8, 56.1, 55.9 ppm. Elemental Analysis. Calculated for C, 9 H 20 Cy. C, 69.49; 
H, 6.15. Found: C, 69.44; H, 6.10. 

2',6'-Dimethoxychalcone. (38) To a solution of benzaldehyde (295 mg, 2.77 mmol) and 2,6- 
dimethoxyacetophenone (500 mg, 2.77 mmol) in 4.1 ml of methanol was added .1 ml of 40% 
sodium hydroxide in water at 10°C. After stirring for 3 hour at room temperature, a solid 
appeared and was filtered. The precipitate was recrystallized from methanol to afford 371 mg 
(49.9%) of white flakes: mp 125.5-126.6°C (lit. mp 123-124°C, Kuck and Grutzmacher, Org. 
Mass. Sped., 1978, 13, 90-102). 'H NMR (250 MHz) 6 7.55-7.51 (m, 2 H), 7.39-7.30 (m, 5 
H), 7.00-6.94 (d, 1 H), 6.64-6.61 (d, 2 H), 3.79 (s, 6 H); 13 C NMR (62.7 MHz) 213.8, 176.1, 
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163.9, 153.4, 149.4, 149.0, 147.4, 147.3, 147.0, 122.6, 74.5 ppm. 

2,6-Dimethoxychalcone. (39) To a solution of 2,6-dimethoxybenzaldehyde (250 mg, 1.50 
mmol) and acetophenone (180 mg, 1.50 mmol) in 2.2 ml of methanol was added 1.0 ml of 
40% sodium hydroxide in water at 10°C. After stirring overnight at room temperature, a solid 
precipitated. The precipitate was recrystallized from methanol to afford 350 mg (87.1%) of a 
white, flaky solid: mp 54.9-55.8°C (lit. mp 54-55°C, Noyce and Jorgenson, J. Am. Chem. 
Soc, 1963, 85, 2420-2426). 'H NMR (250 MHz) 6 8.33-8.26 (d, 1 H), 8.05-7.97 (m, 3 H), 
7.57-7.49 (m, 3 H), 7.30 (m, 1 H), 6.61-6.57 (d, 2 H), 3.92 (s, 6 H); ,3 C NMR (62.7 MHz) 
192.3, 160.6, 139.2, 136.0, 132.4, 131.7, 128.6, 125.1, 113.1, 105.8, 103.9, 56.0 ppm. 

2,6-Dichloro-2',6'-dimethoxychalcone. (40) To a solution of 2,6-dichlorobenzaldehyde 
(485 mg, 2.77 mmol) and 2,6-dimethoxyacetophenone (500 mg, 2.77 mmol) in 4.1 ml of 
methanol was added 1.0 ml of 40% sodium hydroxide in water at 10°C. After stirring for 1.5 
hours at room temperature, a solid appeared and was filtered. The precipitate was 
recrystallized from methanol to afford 481 mg (51.5%) of faint-yellow needles: mp 126.8- 
127.8°C. 'H NMR (250 MHz) 8 7.48-7.42 (d, 1 H), 7.37-7.31 (m, 3 H), 7.11-7.04 (d, 1 H), 
6.63-6.60 (d, 2 H), 3.81 (s, 6 H); 13 C NMR (62.7 MHz) 195.1, 158.0, 138.4, 136.5, 135.2, 
132.6, 131.4, 130.0, 129.0, 117.9, 104.2, 56.1 ppm. Elemental Analysis. Calculated for 
C 17 H I4 C1 2 0 3 : C, 60.55; H, 4.19. Found: C, 60.60; H, 4.18. 

l,3-Di(2-pyridyI)propenone. (46) To an ice-cold solution of pyridme-2-carboxaldehyde (442 
mg, 4.13 mmol) and 2- acetylpyridine (500 mg, 4.13 mmol) in 10.3 ml of ethanol was added 
dropwise 2.1 ml of concentrated hydrochloric acid. The reaction stirred for 1.5 hours in an 
ice bath. After stirring for 6 hours at room temperature, the solution was placed in an ice bath 
and was neutralized with 40% sodium hydroxide. A standard ether work up yielded the crude 
product, which was chromatographed on a column with silica gel using 2:1 hexanes:ethyl 
acetate to afford 253 mg (29.1%) of a light-yellow solid that turned light green on standing 
(purity was not affected): mp 66.2-67.2°C (lit. mp 62-64°C, Marvel, et al, J. Org. Chem., 
1955, 20, 1785-1792). 'H NMR (250 MHz) 5 8.68-8.60 (m, 3 H), 8.12-8.09 (d, 1 H), 7.88- 
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7.40 (m, 5 H), 7.23-7.19 (m, 1 H); 13 C NMR (Liptaj, et al., J. Collection Czechoslovak Chem. 
Comun. 1981, 46, 1486-1491) (62.7 MHz) 189.9, 154.0, 153.9, 148.1, 143.1, 137.1, 136.9, 
127.2, 125.1, 124.8, 124.4, 122.2 ppm. 

5 l-Phenyl-3-(2-pyridyl)propenone. (47) To a stirred solution of pyridine-2-carboxaldehyde 
(500 mg, 4.67 mmol) in 7.0 ml of dry methylene chloride was added benzoylmethylene 
triphenylphosphorane (1.95 g, 5.14 mmol). The mixture was stirred overnight. The solution 
was concentrated by evaporation to afford the crude product. Chromatography on a column 
with silica gel using 4:1 ethyl acetate rhexanes provided 850 mg (91.9%) of a light-yellow 
10 powder: mp 60.5-61.7°C (lit. mp 60-61°C, Marvel, et al, supra) . 'H NMR (250 MHz) 6 8.69- 
8.67 (d, 1 H), 8.16-8.08 (m, 3 H), 7.80-7.70 (m, 2 H), 7.62-7.46 (m, 4 H), 7.32-7.25 (m, 1 H); 
13 C NMR (62.7 MHz) 190.6, 153.2, 150.2, 142.7, 137.9, 137.2, 133.3, 128.9, 125.8, 125.6, 
124.6 ppm. 

15 l-Phenyl-3-(3-pyridyl)propenone. (48) To a stirred solution of pyridine-3-carboxaldehyde 
(500 mg, 4.67 mmol) in 7.0 ml of dry methylene chloride was added benzoylmethylene 
triphenylphosphorane (1.95 g, 5.14 mmol). The mixture was stirred overnight. The solution 
was concentrated by evaporation to afford the crude product. Recrystallization from diethyl 
ether provided 295 mg (31.9%) of a light-yellow powder: mp 102.7-103.7°C (lit. mp 101- 

20 102, Marvel, et al., supra) . 'H NMR (250 MHz) 6 8.86 (s, 1 H), 8.64-8.63 (d, 1 H), 8.06-7.93 
(m, 3 H), 7.83-7.76 (d, 1 H), 7.63-7.49 (m, 4 H), 7.39-7.34 (m, 1 H); 13 C NMR (62.7 MHz) 
190.0, 151.3, 150.1, 141.1, 137.9, 134.8, 133.3, 130.6, 126.9, 126.7, 124.0 ppm. 

3-Phenyl-l-(2-pyrrolyl)propenone. (49) To a solution of benzaldehyde (486 mg, 4.58 
25 mmol) and 2-acetylpyrrole (500 mg, 4.58 mmol) in 2 ml of ethanol was added dropwise .5 ml 
of 10% sodium hydroxide at room temperature. After stirring 2 hours, the solution was 
filtered. The precipitate was recrystallized from 90% ethanol to afford 743 mg (82.6%) of the 
product: mp 140.1-141. 1°C (lit. mp 140-142, Matoba and Yamazaki, supra). 'H NMR (250 
MHz) 6 10.30 (b s, 1 H), 7.90-7.84 (d, 1 H), 7.68-7.64 (m, 2 H), 7.48-7.37 (m, 4 H), 7.18- 
30 7.11 (m, 1 H), 6.39-6.36 (m, 1 H); 13 C NMR (62.7 MHz) 179.1, 142.4, 135.2, 133.3, 130.4, 
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129.1, 128.5, 125.9, 122.2, 116.8, 111.1 ppm. 

l-PhenyI-3-(2-pyrrolyI)propenone. (50) To a solution of the acetophenone (630 mg, 5.26 
mmol) and pyrrole-2-carboxaldehyde (500 mg, 5.26 mmol) in 2.1 ml of ethanol was added .5 

5 ml of 1 0% sodium hydroxide at room temperature. After stirring overnight, the solution was 
filtered. The precipitate was recrystallized from 90% ethanol to afford 500 mg (48.5%) of the 
product: mp 136.6-137.4°C (lit. mp 138-139°C, Lubrzynska, J. Chem. Soc, 1916, 1118). 
'H NMR (250 MHz) 6 9.19 (b s, 1 H), 8.01-7.97 (m, 2 H), 7.81-7.75 (d, 1 H), 7.60-7.45 (m, 3 
H), 7.22-7.16 (d, 1 H), 7.01 (s, 1 H), 6.73 (s, 1 H), 6.36-6.33 (m, 1 H); 13 C NMR (62.7 MHz) 

10 190.9, 135.1, 132.6, 128.8, 128.5, 123.5, 116.0, 115.6, 111.7 ppm. 

l-(9-AnthryI)-3-phenylpropenone. (51) To a solution of benzaldehyde (241 mg, 2.27 
mmol) and 9-acetylanthracene (500 mg, 2.27 mmol) in 10 ml ethanol was added 2.3 ml of 
40% potassium hydroxide in water at 10°C. After stirring for 3 hours at room temperature, 
15 the solution was filtered. The precipitate was recrystallized from ethanol to afford 604 mg 
(86.3%) of a bright-yellow powder: mp 203.3-204.6°C (lit. mp 201-204°C, Batt, et al., 
supra) . •H NMR (250 MHz) 6 8.56 (s, 1 H), 8.09-8.05 (m, 2 H), 7.95-7.91 (m, 2 H), 7.53- 
7.20 (m, 11 H); ); 13 C NMR (62.7 MHz) 200.5, 148.2, 134.4, 131.2, 129.3, 129.1, 128.9, 
128.8, 126.8, 125.7, 125.4 ppm. 

20 

3-(9-Anthryl)-l-phenylpropenone. (52) To a solution of 9-anthraldehyde (500 mg, 2.42 
mmol) and acetophenone (291 mg, 2.42 mmol) in 10.0 ml ethanol was added 2.3 ml of 40% 
potassium hydroxide in water at room temperature. After stirring for 3 hours, a solid formed 
and was recrystallized from ethanol to afford 508 mg (68.1%) of long, yellowish-orange 
25 needles: mp 124.6-125.4°C (lit. mp 124-125°C, Wiley, J. Org. Chem., 1958, 23, 732-735). 

'H NMR (250 MHz) 6 8.85-8.79 (d, 1 H), 8.48 (s, 1 H), 8.34-8.31 (m, 2 H), 8.13-8.01 (m, 4 
H), 7.66-7.48 (m, 8 H); ,3 C NMR (62.7 MHz) 189.9, 142.1, 138.1, 133.3, 131.5, 131.2, 130.3, 
129.8, 129.1, 128.9, 128.6, 126.6, 125.6, 125.5 ppm. 

30 l,3-Di(9-Anthryl)propenone. (53) To a solution of 9-anthraldehyde (468 mg, 2.27 mmol) 



WO 01/46110 



PCT/US00/35207 



and 9-acetylanthracene (500 mg, 2.27 mmol) in 9.9 ml ethanol was added 2.3 ml of 40% 
potassium hydroxide in water at room temperature. After stirring for 3 hours, a solid formed 
and was recrystallized twice from methylene chloride to afford 500 mg (53.9%) of a bright- 
yellow powder: mp 298.9-299.5°C (lit. mp 299-300°C, Itoh, et al., J. Phys. Chem.,1992, 96, 
5 5759-5765). 'H NMR (250 MHz) 6 8.62 (s, 1 H), 8.42 (s, 1 H), 8.23-8.11 (m, 5 H), 8.01-7.93 
(m, 4 H), 7.65-7.54 (m, 4 H), 7.46-7.39 (m, 4 H), 7.31-7.25 (d, 1 H) ppm. 

l-(9-Anthryl)-3-(2-naphthyl)propenone. (54) To a solution of naphthaldehyde (355 mg, 
2.27 mmol) and 9-acetylanthracene (500 mg, 2.27 mmol) in 10 ml ethanol was added 1.0 ml 

10 of 40% potassium hydroxide in water at 1 0°C. After stirring for 1 0 minutes at room 

temperature, a polymer-like material formed and was recrystallized from ethanol to afford 
490 mg (60.2%) of a bright-yellow powder: mp 158.5-159.4°C. 'H NMR (250 MHz) 6 8.58 
(s, 1 H), 8.12-8.07 (m, 2 H), 8.01-7.97 (m, 2 H), 7.83-7.66 (m, 5 H), 7.55-7.42 (m, 8 H); 13 C 
NMR (62.7 MHz) 200.5, 148.3, 134.8, 134.7, 133.3, 131.9, 129.5, 128.9, 128.8, 127.9, 127.8, 

15 127.0, 126.8, 126.7, 125.7, 125.5, 123.6 ppm. Elemental Analysis. Calculated for C 27 H 18 0: 
C, 90.46; H, 5.07. Found: C, 90.39; H, 5.06. 

l,3-Bis(4-biphenyl)propenone. (55) To a40°C solution of 4-biphenylcarboxaldehyde (465 
mg, 2.55 mmol) and 4-acetylbiphenyl (500 mg, 2.55 mmol) in 20 ml ethanol was added 2.5 

20 ml of 40% potassium hydroxide in water. After stirring for 3 hours at room temperature, the 
solution was filtered. The precipitate was recrystallized from ethyl acetate to afford 592 mg 
(64.4%) of small, yellow needles: mp 197-198°C (lit. 101 mp 195-197°C). 'H NMR (250 
MHz) 6 8.17-8.13 (d, 2 H), 7.95-7.89 (d, 1 H), 7.78-7.61 (m, 11 H), 7.64-7.37 (m, 6 H); I3 C 
NMR (62.7 MHz) 190.1, 145.8, 144.6, 143.6, 140.4, 140.2, 134.1, 129.4, 129.2, 128.5, 128.2, 

25 127.9, 127.5, 127.3, 122.0 ppm. 

l-(4-Biphenyl)-3-phenylpropenone. (56) To a 40°C solution of benzaldehyde (270 mg, 2.55 
mmol) and 4-acetylbiphenyl (500 mg, 2.55 mmol) in 20 ml ethanol was added 2.5 ml of 40% 
potassium hydroxide in water. After stirring for 15 minutes, the solution was filtered. The 
30 precipitate was recrystallized from ethanol to afford 347 mg (47.9%) of off-white flakes: mp 
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153-154°C (lit. mp 156-158°C, Cromwell, et al., J. Am. Chem. Soc, 1957, 73, 922-926). 'H 
NMR (250 MHz) 6 8.15-8.12 (d, 2 H), 7.91-7.85 (d, 1 H), 7.77-7.40 (m, 13 H); 13 C NMR 
(62.7 MHz) 190.1, 145.7, 144.9, 140.1, 137.1, 135.1, 130.7, 129.3, 129.2, 128.9, 128.4, 
127.5, 122.2 ppm. 

5 

3-(4-Biphenyl)-l-phenylpropenone. (57) To a 40°C solution of 4-biphenylcarboxaldehyde 
(500 mg, 2.74 mmol) and acetophenone (330 mg, 2.74 mmol) in 4.1 ml ethanol was added 
2.7 ml of 40% potassium hydroxide in water. After stirring for 4 hours, the solution was 
filtered. The precipitate was recrystallized from ethanol to afford 405 mg (52.0%) of yellow 
10 flakes: mp 1 12.0-1 12.6°C (lit. mp 1 1 1-1 12°C, Wiley, et al., supra). 'H NMR (250 MHz) 6 
8.09-8.06 (d, 2 H), 7.92-7.86 (d, 1 H), 7.76-7.37 (m, 13 H); 13 C NMR (62.7 MHz) 190.6, 
144.5, 143.4, 140.2, 136.4, 134.0, 132.9, 129.1, 128.8, 128.7, 128.1, 127.7, 127.1, 122.0 ppm. 

l,5-Di(2-chloro-6-fluorophenyl)-l£',4£:-pentadien-3-one. (72) To a solution of the 2- 
15 chloro-6-fluoro-benzaldehyde (1.59 g, 10.0 mmol) and acetone (290 mg, 5.00 mmol) in 15 ml 
of ethanol was added 5 ml of 40% potassium hydroxide at 10°C. After stirring for several 
hours at room temperature, the solution was filtered. The precipitate was recrystallized from 
ethanol to afford 879 mg (51.7%) of a light-yellow powder: mp 143.5-144.3°C. 'H NMR 
(250 MHz) 6 7.98-7.91 (d, 2 H), 7.36-7.22 (m, 6 H), 7.13-7.03 (m, 2 H); 13 C NMR (62.7 
20 MHz) 189.6, 134.0, 132.1, 131.8, 131.2, 131.0, 126.3, 115.4, 115.0ppm. Elemental 

Analysis. Calculated for C 17 H 10 Cl 2 F 2 O 5 : C, 60.20; H, 2.98. Found: C, 60.07; H, 2.99. 

l,5-Bis(2,6-dichlorophenyl)-l^',4£-pentadien-3-one. (73) To a .33 M solution of 2,6- 
dichlorobenzaldehyde (1.75 g, 10 mmol) and acetone (290 mg, 5 mmol) in 30 ml of ethanol 

25 was added 5 ml of 40% potassium hydroxide at 10°C. After stirring for 18 hr at room 

temperature, a solid precipitated and was filtered. The precipitate was recrystallized from 
ethanol to afford 1.46 g (78.5%) of pale yellow, cotton-like flakes: mp 154.0-154.4°C (lit. 
mp 145-146°C, Unterhalt, Arch. Pharm., 1978, 311, 262-267). »H NMR (250 MHz) 6 7.85- 
7.79 (d, 2 H), 7.40-7.36 (d, 4 H), 7.26-7.19 (d, 2 H), 7.24-7.18 (m, 2 H); 13 C NMR (62.7 

30 MHz) 189.1, 137.6, 135.4, 133.3, 132.5, 130.2, 129.1 ppm. 
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l^-Di^-furyO-l-EVt^-pentadien-S-one. (74) 5 g of sodium hydroxide, dissolved in 25 ml 
of water and 25 ml of 95% ethanol, was cooled to 20 to 25°C. 2.9 g (50 mmol) of acetone 
and 10.6 g (100 mmol) of furaldehyde were added, and an oil formed. After 30 minutes the 
5 solution was neutralized with 10% hydrochloric acid and extracted with chloroform. The 

chloroform extracts were washed with brine, dried with magnesium sulfate, and evaporated to 
afford 2.08 g (97.2%) of orangish-red oil. ] H NMR (250 MHz) 8 7.85-7.79 (d, 1 H), 7.40- 
7.36 (m, 4 H), 7.26-7.18 (m, 4 H); ,3 C NMR (62.7 MHz) 189.1, 137,6 135.4, 133.3, 132.5, 
130.2, 129.1 ppm. 

10 

2,6-Di(l-naphthyIidene)cyclohexanone. (77) To a solution of the 1-naphthaldehyde (1.56 g, 
10.0 mmol) and cyclohexanone (491 mg, 5.0 mmol) in 2.5 ml of ethanol was added 1.0 ml 
10% sodium hydroxide at 0°C. After stirring for 12 hr at room temperature, the solution was 
filtered. The precipitate was recrystallized from ethyl acetate to afford 1.35 g (72.2%) of 
15 bright-yellow flakes: mp 21 1.8-213.1°C (lit. mp 212°C, Aizenshtat, et aL, J. Org. Chem., 
1977, 42, 2386-2394). 'H NMR (250 MHz) 5 8.46 (s, 2 H), 8.09 (m, 2 H), 7.89 (t, 4 H), 
7.61-7.46 (m 6 H), 2.82 (t, 4 H), 1.71 (p, 2 H); l3 C NMR (62.7 MHz) 190.3, 138.5, 135.5, 
133.7, 133.3, 132.2, 129.1, 128.7, 127.2, 126.6, 126.4, 125.2, 125.0, 29.0, 23.8 ppm. 

20 2,6-Di(2-naphtbylidene)cyclohexanone. (78) To a solution of the 2-naphthaldehyde (1 .56 g, 
10.0 mmol) and cyclohexanone (491 mg, 5.0 mmol) in 7.5 ml of ethanol was added 5 ml 40% 
sodium hydroxide at 0°C. After stirring for 12 hr at room temperature, the solution was 
filtered. The precipitate was recrystallized from ethyl acetate to afford 1.50 g (80.6%) of 
bright-yellow flakes: mp 179.4-180.6°C (lit. mp 176°C, Kabli, et aL, Indian J. Chem., Sect. 

25 B, 1986, 25, 152-156). 'H NMR (250 MHz) 5 8.00-7.84 (m, 10 H), 7.62-7.48 (m, 6 H), 3.07 
(t, 4 H), 1.85 (p, 2 H); ,3 C NMR (62.7 MHz) 190.4, 137.3, 136.5, 133.7, 133.3, 130.5, 128.5, 
128.1, 127.9, 127.1, 126.6, 28.6, 23.7 ppm. 

2,6-Di(2-pyridylidene)cyclohexanone. (79) To a 1 M solution of the pyridine-2- 
30 carboxaldehyde (500 mg, 4.67 mmol) and cyclohexanone (229 mg, 2.33 mmol) in 2.3 ml 
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ethanol was added 1.0 ml of an aqueous 10% sodium hydroxide solution. After stirring for 
12 hours at room temperature, water was added and was extracted with ether. A standard 
ether work-up provided the crude product. Column chromatography with silica gel using 1:1 
hexanes:ethyl acetate afforded 140 mg (21.7%) of a flaky, yellow solid: mp 125.6-126.8°C 
5 (lit. mp 127°C, Harries and Lenart, Justus Liebigs Ann. Chem., 1915, 41 0, 113). 'H NMR 
(250 MHz) 6 8.70-8.69 (d, 2 H), 7.74-7.68 (m, 4 H), 7.45-7.42 (d, 2 H), 7.22-7.17 (m, 2 H), 
3.32-3.27 (t, 4 H), 1.86-1.78 (p, 2 H); 13 C NMR (62.7 MHz) 191.6, 155.7, 149.7, 140.2, 
136.3, 134.2, 127.3, 122.8, 28.6, 22.4 ppm. Elemental Analysis. Calculated for C 18 H 16 N 2 0: 
C, 78.22; H, 5.85; N, 10.14. Found: C, 78.18; H, 5.82; N, 10.14. 

10 

Benzalacetone (Furniss, et a., Vogrel's Textb ook of Practical Organic Chemistry, Fifth Ed. 
New York; John Wiley & Sons, Inc., 1989. p. 1033)-To a stirred solution of 42.5 g (.400 
mol) of benzaldehyde and 63.5 g (1.1 mol) of acetone in a 250-ml round-bottom flask in an 
ce bath was added dropwise 10 ml of a 10% NaOH solution over 30 minutes. The mixture 

15 was not allowed to exceed 30°C during the addition and was stirred for an additional 2 hours 
at room temperature after the addition. The reaction was quenched with dilute HC1 until it 
rendered litmus paper slightly acidic. The aqueous layer was extracted with 20 ml of toluene, 
and the combined organic extracts were washed with water, dried with MgS0 4 , and filtered. 
The toluene was removed by fractional distillation at atmospheric pressure, and 

20 benzalacetone was collected at 150-160°C at 25 mmHg as a yellow liquid that solidified on 
standing at room temperature. The p.m.r. spectrum (CDC1 3 , TMS) shows peaks at ppm 2.32 
(s, 3H, Me), 6.67 (d, 1H, =CHCO), 7.44 (d, 1H, Ph-CH=) and 7.21-7.62 (m, 5H, Ar-H). 

PREPARATION OF DIBENZALACETONE (Hill, R.K.; Barbara, J. Experiments 
25 in Organic Chemistry Raleigh, NC; Contemporary Publishing Co. of Raleigh, Inc., 1996. 
E12-l~E12-3)~5 g of NaOH, dissolved in 25 ml of water and 25 ml of 95% EtOH, was 
cooled to 20 to 25°C. 2.9 g (50 mmol) of acetone and 10.6 g (100 mmol) of benzaldehyde 
were added, and a yellow precipitate formed. After 20 minutes the solution was filtered, and 
the solid was recrystallized from ethanol to afford the pure product as bright yellow flakes. 
30 The p.m.r. (CHC1 3 , TMS) shows peaks at ppm 7.10 (d, 2H), 7.41-7.44 (m, 6H), 7.61-7.65 (m, 
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4H), and 7.75 (d, 2H). 
Biological Activity 

Biological Activity- Anti-Cancer Activity of Compounds According to the Present 
Invention 

10,000 SVR cells were seeded in a 24 well dish [Arbiser, et al., J. Am. Acad. Derm., 
pp. 925-929 (June, 1999)] and treated with various compounds (or control) according to the 
present invention at concentrations of 6 ug/ml, 3 ug/ml and 1 ug/ml, respectively, or 9 ug/ml, 
6 ug/ml or 3 ug/ml, respectively (see Tables 1-6). The cell numbers were counted at 48 
hours. The following tables 1-6 sets forth the results of the biological testing described above 
(see also Figure 13-14 for results). The results evidence that the present compounds as a 
class, evidence significant biological activity consistent with their use as anti-angiogenesis 
agents and in particular, anti-cancer agents according to the present invention. 
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Table 1. Biological Testing of Various Compound Classes 



Compounds 


Percent Inhibition at a Specified 
Density (wg/ml) 


1 


3 


6 


Chalcone (1) 


71.6 


92.8 


94.4 


4 5 4'-Diniethoxychalcone (2) 


29.1 


63.4 


85.2 


1 ,5-Diphenyl-l£,4E-pentadien-3-one (3) 


79.3 


96.8 


96.8 


2,5-(Dibenzylidene)cyclopentanone (4) 


19.6 


23.8 


38.6 


4-Phenyl-3£'-buten-2-one (5) 


41.9 


69.0 


64.0 


2-(Benzylidene)malononitrile (6) 


19.4 


15.9 


23.7 


2-(Benzylidene)cyclohexanone (7) 


23.0 


29.5 


72.4 


2-(Benzylidene)-l ,3-indanedione (8) 


91.1 


14.0 


34.0 


3 -B enzylidene-2 ,4-p entanedione (9) 


48.3 


72.0 


82.7 


trans-Cianamic Acid (10) 


18.6 


14.1 


69.6 


/>ara-Bromocinnamic Acid (11) 


18.2 


3.5 


0.0 


3-Acetyl -6-bromocoumarin (12) 


20.0 


12.7 


17.4 


3-Acetylcoumarin (13) 


26.0 


4.9 


13.0 


Flavone (14) 


19.3 


26.3 


46.7 


Chromone (15) 


20.6 


8.2 


20.8 


6,8-Dichloro-3-cyanochromone (16) 


15.2 


0.0 


0.0 
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Table 2. Biological Testing of Purchased Chalcone Derivatives 



Compound 


Percent Inhibition at a Specified 
Density (wg/ml) 


1 


3 


6 


Hr -l^clXUUAyillClXiyiL'llcllV'iJliC' ^J. / J 


13.7 


3.8 


29.7 




42.2 


87.4 


96.9 


A 4.'-F)irTi1nropria1pone f 19^ 


13.8 


11.7 


31.1 


4. 4 ! --DiTnetliv1 chalcone f20^ 

*T 5 *T J^IXXXwLXlJf XwXXCXXV^V/XXW v/ y 


36.6 


67.3 


89.5 


9-Phlnrn-? 1 4 f -Himefhvlchalcone f21^ 


29.6 


25.2 


73.4 


X- ? *T J_*»11.11.V Illy IVIICUWUV \JUM J 


41.7 


80.4 


87.2 


_£ s tj~i_-'iiiiciiiy ivii-s-ivijiic' 


47.7 


57.9 


89.6 


— JDdlZ»yiUAy *+ "illCUiy XVlKUvUUv V J 


18.4 


5.1 


17.0 


*+- JjCIiZiy lUAy -OlllUitJlvll-llVVJllC/ V.-^*- 7 / 


25.6 


4.4 


62.9 


4-Isopropyl-4'-methylchalcone (26) 


19.5 


14.2 


59.2 


2,4-Dichloro-4'-methylchalcone (27) 


19.9 


10.4 


84.6 


2,6-Dichloro-4'-methylchalcone(28) 


73.7 


98.2 


98.1 


4'-Chloro-4-methylchalcone (29) 


29.9 


40.2 


58.5 


4-Chloro-4'-metliylchalcoiie (30) 


22.3 


24.5 


46.5 
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Table 3. Biological Testing of Synthesized Chalcone Derivatives 



Compound 


Percent Inhibition at a Specified 
Density (wg/ml) 


1 


3 


6 


9 


2,6-Dichlorochalcone (31) 


— 


92.9 


97.5 


97.9 


2,2 ! ,6,6 , -Tetrachlorochalcone (32) 


— 


74.9 


97.0 


98.1 


2\6 f -Dichlorochalcone (33) 


2.23 


51.1 


88.7 


— 


2,2%3,3 5 ? 4 :> 4 5 ? 5 ? 5%6 5 6 5 -Decafluorochalcone 
(34) 




88.6 


88.6 




2,3,4,5,6-Pentafluorochalcone (35) 


0 


0 


0 


— 


2',3 , 3 4 , ? 5 f ,6 f -Pentafluorochalcone (36) 


6.6 


55.6 


88.7 




2,2 l ,6 5 6 , -Tetramethoxychalcone (37) 


36.2 


49.2 


39.2 




2 ! ,6 ! -Dimethoxychalcone (38) 


25.8 


39.8 


63.5 




2,6-Dimethoxychalcone (39) 


31.8 


56.4 


60.8 




2,6-Dichloro-2\6'-dimethoxychalcone (40) 


23.2 


43.7 


52.3 




a-Bromo-Z-chalcone (41) 


57.2 


75.7 1 


79.8 




1,3-Diphenyl-l-propanone (42) 




16.3 


49.4 


75.8 
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Table 4. Biological Activity of Heterocyclic Derivatives of Chalcone 



Compound 


Percent Inhibition at a Specific 
Density (wg/ml) 


1 


3 


6 


9 


l,3-Bis(2-furyl)propenone (43) 


7.7 


8.1 


12.0 




l-(2-Furyl)-3-phenylpropenone (44) 


28.2 


57.7 


90.2 




3 -(2-Furyl)- 1 -phenylpropenone (45) 


9.8 


1.0 


0.0 




l,3-Di(2-pyridyl)propenone (46) 


0.0 


53.4 


85.2 




1 -Phenyl-3-(2-pyridyl)propenone (47) 


40.7 


89.1 


96.9 




l-Phenyl-3-(3-pyridyl)propenone (48) 


30.0 


31.7 


83.2 




3-Phenyl-l-(2-pyrrolyl)propenone (49) 


8.3 


11.4 


19.4 




1 -Phenyl-3 -(2-pyrrolyl)propenone (50) 


19.0 


21.5 


0.0 
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TableS. Biological Activity of Polycyclic Derivatives of Chalcone 



Compound 


Percent Inhibition at a Specific 
Density (wg/ml) 


1 


3 


6 


9 


l-(9-Anthryl)-3-phenylpropenone (51) 


25.5 


46.4 


69.0 




3-(9-Anthryl)- 1 -phenylpropenone (52) 


54.6 


53.5 


71.3 




l,3-Di(9-Anthryl)propenone (53) 


0.0 


0.0 


4.7 


— 


l-(9-Anthryl)-3-(2-naphthyl)propenone(54) 


52.5 


57.3 


48.1 




l,3-Bis(4-biphenyl)propenone (55) 


19.2 


0.0 


0.0 




1 -(4-Biphenyl)-3-phenylpropenone (56) 


10.4 


34.7 


0.0 




3-(4-Biphenyl)-l-phenylpropenone (57) 


24.9 


12.9 


41.4 




1 -( 1 -Naphthyl)-3 -phenylpropenone (58) 


10.9 


33.2 


68.0 




3 -(2,6-Dichlorophenyl)- 1 -(2- 
naphthyl)propenone (59) 




81.0 


97.4 


98.3 


l,3-Di(2-naphthyl)propenone (60) 


— 


13.2 


20.3 


27.1 


1 -(2-Naphthyl)-3-phenylpropenone (61) 


— 


92.2 


94.7 


96.0 


3-(2-Naphthyl)- 1 -phenylpropenone (62) 


— 


29.5 


44.3 


69.1 


l-(2-Naphthyl)-3-(l-naphthyl)propenone(63) 


0.0 


24.9 


50.3 




l-(l-Naphthyl)-3-(2-naphthyl)propenone(64) 


0.0 


22.4 


52.0 




l,3-Di(l-naphthyl)propenone (65) 


12.0 


55.5 


60.3 




3-Benzylidene-4-chromanone (66) 


12.3 


11 c 

zJ.o 






3-(2,6-Dichlorobenzylidene)chromanone (67) 


5.4 


3.6 


12.5 




2-(Benzylidene)tetralone (68) 




57.9 


97.5 


96.7 


2-(2,6-Dichlorobenzylidene)tetralone (69) 


32.8 


37.0 


53.7 




2-(l-Naphthylidene)tetralone (70) 


18.7 


15.9 


23.6 




2-(2-Naphthylidene)tetralone (71) 




82.8 


88.7 


87.1 
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Table 6. Biological Activity of Cyclohexanone and Pentandienone Derivatives 



Compound Name 


Percent Inhibition at 
Specific Density (wg/ml) 


1 


3 


6 


9 


l ? 5-Di(2-chloro-6-fluorophenyl)-lE ? 4E~pentadien-3- 

one (72) 


D / .U 




OD.U 




1 ,5 -Bis(2,6-dichlorophenyl)- lE ? 4E-pentadien-3-one 

(73) 


60.7 


87.1 


90.4 




l,5-Di(2-furyl)-lE,4E-pentadien-3-one (74) 


0.0 


9.3 


56.5 




2,6-Di(benzylidene)cyclohexanone (75) 




91.3 


92.8 


97.4 


2 ? 6-Bis(2 ? 6-dichlorobenzylidene)cyclohexanone (76) 


8.4 


29.8 


27.1 




2,6-Di(l -naphthylidene)cyclohexanone (77) 


15.9 


5.2 


11.4 




2 5 6-Di(2~naphthylidene)cyclohexanone (78) 


15.0 


25.7 


15.2 




2,6-Di(2-pyridylidene)cyclohexanone (79) 


88.3 


92.9 


96.7 
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It is to be understood by those skilled in the art that the foregoing description and 
examples are illustrative of practicing the present invention, but are in no way limiting. 
Variations of the detail presented herein may be made without departing from the spirit and 
scope of the present invention as defined by the following claims. 
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Claims: 

1 . A compound according to the formula: 




Where n is 0, 1 or 2; 

Q and T are independently selected from a chemical group of the formula: 




Where A, B, C 1 , D, E, G, J, K, L and M are independently selected from H, a C r C^ alkyl 
group, a halogen, an OR group, COOH, COOR-!, an alkylene ester group according to the 
structure -(CH 2 ) m COOR 1 or a CF 3 group; 

R is a C r C 4 alkyl group, a phenyl group, a benzyl group or a C-R 2 group; 

O 
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R, is a C,-C 20 alkyl group, preferably a C r C 3 alkyl group; 
R 2 is a C,-C 20 alkyl group, preferably a C,-C 3 alkyl group; 
Z is O, S, NH, NCH 3 , NCH 2 CH 3 , or CH 2 ; 
V is a group according to the structure: 
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Where A, B, C 1 , D and Y are the same as set forth above; 

U is H or halogen; 

W is COR 1 , CN or COORA 

R 1 is a C r C 4 alkyl group (preferably, a C r C 3 alkyl group) or a phenyl or benzyl group; 
5 R 2 is O, S, NH, NCH 35 NCH 2 CH 3 or CH 2 ; 

With the proviso that n is not 0 for both Q and T and when n is 1 for Q and T, Q-V or V-T 
may together form a structure according to the formula: 



10 




15 Where Z is the same as set forth above; 

or a pharmaceutically acceptable salt form of said compound. 

2. The compound according to claim 1 wherein V is a group according to the 
structure: 

20 3 . A pharmaceutical composition comprising an effective amount of a compound 

according to the structure: 




25 

Where n is 0, 1 or 2; 

Q and T are independently selected from a chemical group of the formula: 



30 
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Where A, B, C l , D, E, G, J, K, L amd M are independently selected from H, a C r C 3 alkyl 
group, a halogen, an OR group, COOH, COOR„ an alkylene ester group according to the 
structure -(CH 2 ) m COOR 1 or a CF 3 group; 

R is a C r C 4 alkyl group, a phenyl group, a benzyl group or a C-R 2 group; 

O 

Rj is a C r C 20 alkyl group, preferably a C r C 3 alkyl group; 
R 2 is a C r C 20 alkyl group, preferably a C r C 3 alkyl group; 
Z is O, S, NH, NCH 3 , NCH 2 CH 3 , or CH 2 ; 
V is a group according to the structure: 
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Where A, B, C 1 , D and Y are the same as set forth above; 
W is COR 1 , CN or COOR 1 . 

R 1 is a C,-C 4 alkyl group, a benzyl group or a phenyl group; 
R 2 is O, S, NH, NCH 3 , NCH 2 CH 3 or CH 2 ; 

With the proviso that n is not 0 for both Q and T and when n is 1 for Q and T, Q-V or V-T 
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may together form a structure according to the formula: 



5 




Where Z is the same as set forth above; 

or a pharmaceutically acceptable salt form of said compound; 
10 optionally in combination with a pharmaceutically acceptable carrier, excipient or additive. 

4. The composition according to claim 3 wherein V is 



15 




o o o o 



20 



25 




5. The composition according to claims 3 or 4 wherein U is H or Br. 



30 
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6. The composition according to any of claims 3-5 wherein Q and T are selected from 



5 



10 



15 




20 

7. The composition according to any of claims 3-6 wherein A, B, C 1 , D ? E, G, J, K, L 
and M are independently H, a halogen or OR. 

8. The composition according to claim 7 wherein said halogen is For CI. 

25 

9. The composition according to any of claim 3-8 wherein R is CH 3 . 

10. The composition according to any of claims 3-9 wherein Q-V or V-T may 
together form a structure according to the formula: 

30 
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1 1 . The composition according to any of claims 3-10 in oral dosage form. 

12. The composition according to any of claims 3-10 in parenteral dosage form. 

13. The composition according to any of claims 3-10 in topical dosage form. 

14. The composition according to any of claims 3-10 in ocular dosage form. 

15. A method of treating a tumor or cancer in a patient comprising administering to 
said patient an effective amount of the pharmaceutical composition according to any of 
claims 3-14 to said patient. 

16. The method according to claim 15 wherein said tumor or cancer is selected from 
the group consisting of neurofibromatosis, tuberous sclerosis, hemangiomas and 
lymphangiogenesis and said cancer is selected from the group consisting of cervical, anal and 
oral cancers, eye or ocular cancer, stomach, colon, bladder, rectal, liver, pancreatic, lung, 
breast, cervix uteri, corpus uteri, ovary, prostate, testis, renal, brain/ens, head and neck, throat, 
skin melanoma, acute lymphocytic leukemia, acute myelogenous leukemia, Ewing's 
Sarcoma, Kaposi's Sarcoma, basal cell carinoma and squamous cell carcinoma, small cell 
lung cancer, choriocarcinoma, rhabdomyosarcoma, angiosarcoma, hemangioendothelioma, 
Wilms Tumor, neuroblastoma, mouth/pharynx, esophageal, larynx, kidney and lymphoma. 
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17. A method of treating an angiogenic disorder in a patient comprising 
administering to said patient an effective amount of a pharmaceutical composition according 
to any of claims 3-14 to said patient. 

5 18. The method according to claim 17 wherein said angiogenic disorder is selected 

from the group consisting of psoriasis, acne, rosacea, warts, eczema, hemangiomas, 
lymphangiogenesis, Sturge- Weber syndrome, neurofibromatosis, tuberous sclerosis, chronic 
inflammatory disease and arthritis. 

10 19. The method accoridng to claim 18 wherein said chronic inflammatory disease is 

selected from rheumatoid arthritis, lupus and scleroderma 

20. Use of a composition according to any of claims 1-10 in the manufacture of a 
medicament for treating a tumor or cancer in a patient in need of treatment. 

15 

21. Use of a composition according to any of claims 1-10 in the manufacture of a 
medicament for treating an angiogenic disorder in a patient in need of treatment. 
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FIGURE 1 




Compounds 1-10 from Table 1 
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FIGURE 2 




Compounds 11-16 from Table 1 
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FIGURE 3 




Compounds 17-26 from Table 2 
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FIGURE 4 




Compounds 27-30 from Table 2 
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FIGURE 5 




Compounds 31-36 from Table 3 
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FIGURE 6 




Compounds 37-42 from Table 3 
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FIGURE 7 




Compounds 43-46 from Table 4 
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FIGURE 8 




Compounds 47-50 from Table 4 
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FIGURE 9 




Compounds 51-54 from Table 5 
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Compound 55-64 from Table 5 
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FIGURE 11 




Compounds 65-71 from Table 5 
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FIGURE 12 




Compounds 72-79 from Table 6 
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FIGURE 13 



SVR Cell Growth Inhibition 

1,3,6 ug/ml or 3,6,9 ug/ml (See Table 1-6) 
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FIGURE 14 

SVR Cell Growth Inhibition 

1.3.6 ug/ml or 3.6.9 ug/ml (See Table 1-6) 
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